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Description 

Technical field of invention 

This invention relates to recombinant molecu- 
les, processes for their preparation, and pro- s 
cesses for their introduction into plant cells and 
the plant cells or plants, respectively, containing 
foreign DNA sequences in their genome. More 
particularly, the invention relates to DNA 
sequences to be expressed in appropriate host w 
plant cells. The recombinant DNA molecules con- 
templated are characterized by sequences that 
code for products, e.g. amino acids or polypep- 
tides, useful for the growth of the plant or for 
improving its quality as nutrient, or for the pro- is 
duction of valuable metabolites (e.g. alkaloids or 
steroid precursors). 

In the description the following terms are used: 

bom site: 20 

region of DNA where mob functions specifically 
interact and initiate autonomous DNA transfer. 

Border sequence: 

DNA sequence which contains the ends of the 25 
T-DNA. 

Broad-host-range replicon: 

a DNA molecule capable of being transferred 
and maintained in many different host cells. 30 

Callus tissue: 

a mass of unorganized and undifferentiated 
cells. 

35 

Cloning: 

the process of obtaining a population of organ- 
isms or DNA sequences derived from one such . 
organism or sequence by asexual reproduction, 
or better: 40 

the process of isolating a particular organism or 
part thereof, and the propagation of this subfrac- 
tion as a homogenous population. 

Cloning vehicle: 45 

a plasmid, phase DNA or other DNA sequences 
which are able to replicate in a host cell, charac- 
terized by one or a small number of endonuclease 
recognition sites at which such DNA sequences 
may be cut in a determinable fashion without so 
attendant loss of an essential biological function 
of the DNA, e.g., replication, producton of coat 
proteins or loss of promoter or binding sites, and 
which contain a marker suitable for use in the 
identification of transformed cells, e.g., tetracyc- 55 
line resistance, or ampicilHn resistance. A cloning 
vehicle is often called vector. 

Coding sequence: 

DNA sequence which determines the amino 60 
acid sequence of a polypeptide. 

Cointegrate: 

the structur resulting from a single cross-over 
event between two circular DNA molecul s. 55 



Complementation in trans: 

proc ss whereby a DNA molecul (replicon) 
which is not physically linked to another replicon 
can provide a diffusible substance which is miss- 
ing and required by the other nonltnked replicon. 

Conjugation: 

the process whereby DNA is transferred from 
bacteria of one type to another type during c ll-to- 
cell contact. 

Crossing-over: 

the process of exchange of genetic material 
between homologous DNA sequences. 

Deletion substitution: 

removal of one DNA sequence and its r place- 
ment by a different DNA sequence. 

Differentiation: 

the process whereby descendents of a cell 
achieve and maintain specialization of structure 
and function. 

DNA sequence or DNA segment: 

a linear array of nucleotides connected one to 
the other by phosphodiester bonds betwe n the 
3' and 5' carbons of adjacent pentoses. 

Double cross-over: 

the process of resolution of a cointegrate struc- 
ture into two circular DNA molecules. This pro- 
cess is used to exchange genetic information. 
One of the DNA circles has two regions of homol- 
ogy with the target DlNA through which recombi- 
nation can occur; these two regions brack t a 
nonhomologous DNA sequence which is to b 
exchanged with the target DNA. tf this second 
cross-over occurs in the same region of DNA s 
the first, the original DNA circles will be gen ra- 
ted. If this second cross-over occurs in the second 
homologous region, genetic exchange will have 
occurred between the two circles. 

Expression: 

the process undergone by a structural gene to 
produce a polypeptide. It is a combination of 
transcription and translation. 

Expression control sequence: 

a sequence of nucleotides that controls and 
regulates expression of structural genes when 
operatively linked to those genes. 

F-type plasmid: 

plasmid carrying the F (fertility) factor which 
allows the transfer of a copy of the plasmid to a 
host not carrying the F-factor. 

Gene: 

a DNA sequence composed of two parts, ( 1 ) th e 
coding sequence for the gene product, and (2) th e 
sequences in ♦he promoter region which control 
whether or not the gene will be expressed. 
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Genome: 

the entire DNA of a cell or a virus. In includes 
inter alia the structural genes coding for the 
p lypeptide(s), as well as op rator, promoter 
and ribosome binding and interaction 5 
sequences, including sequences such as the 
Shine-Dalgarno sequences. 

Genotype: 

the sum total of the genetic information con- io 
tained in an organism. 

Homologous recombination: 

recombination between two regions of DNA 
which contain homologous sequences. is 

l-type plasmid: 

a group of autotransferable plasmtds of a 
different incompatibility group than F. 

20 

Incompatibility: 

when two DNA molecules are not capable of 
coexisting in the same cell in the absence of 
selective pressure. 

Insertion: 

addition of a DNA sequence within the DNA 
sequence of another molecule. 

Leader sequence: 30 

the region of an mRNA molecular extending 
from the 5' end to the beginning of the first 
structural gene; it also includes sites important 
to initiate translation of the coding sequence of 
the structural gene. 35 

Meiosts: 

two successive divisions that reduce the start- 
ing number of 4 n chromosomes to 1 n in each 
of four product cells. This process is important 40 
in sexual reproduction. 

mob (mobilization functions): 

a set of products which promote DNA transfer 
only in combination with tra functions. Mob can 45 
promote transfer of plasmids containing a bom 
site. 

Mobilization: 

the process whereby one DNA molecule so 
which is not able to transfer to another cell is 
helped to transfer by another DNA molecule. 

Mobilization helper plasmid: 

a plasmid capable of providing diffusible pro- 55 
ducts which another plasmid lacks for transfer 
to another host cell. 

Nonconjugative recombinant plasmid: 

a DNA molecule which is not capable of being 60 
transferred by itself from its host cell to another 
host cell during cell-to-cell contact. For transfer 
it will ne d further functions supplied by other 
DNA, e.g. by (a) helper plasmid(s). 

65 



Nucleotide: 

a monomeric unit of DNA or RNA consisting 
of a sugar m iety (pentose), a phosphat , and a 
nitrogenous heterocyclic bas . Th base is 
linked to the sugar moiety via a glycosidic bond 
(1* carbon of the pentose) and that combination 
of base and sugar and is a nucleoside. The base 
characterizes the nucleotide. The four DNA 
bases are adenine ("A"), guanine ("G"), 
cytosine ("C"), and thymine ("T"). The four RNA 
bases are A, G, C, and uracil ("U"). 

Phenotype: 

the observable characteristics of an individual 
resulting from the interaction betwe n the 
genotype and the environment in which 
development occurs. 

Plasmid: 

a nonchromosomal double-stranded DNA 
sequence comprising an intact "replicon" such 
that the plasmid is replicated in a host eel® 
When the plasmid is placed within a unicellular* 
organism, the characteristics 01* that organism 
are changed or transformed as a result of the 
DNA of the plasmid. For example, a plasmid 
carrying the gene for tetracycline resistance 
(Tc R ) transforms a cell previously sensitive to 
tetracycline into one which is resistant to it. A 
cell transformed by a plasmid is called "trans- 
formant". 

Polypeptide: 

a linear series of amino acids connected one 
to the other by peptide bonds between the a- 
amino and carboxy groups of adjacent amino 
acids. 

Promoter region: 

DNA sequences upstream to the start of the 
coding sequence which regulate transcription of 
the gene. 

Promoter sequence: 

sequence at which RNA polymerase binds and 
promotes the faithful transcription of down- 
stream sequences. 

Recombinant DNA molecule or hybrid DNA: 

a hybrid DNA sequence comprising at least 
two nucleotide sequences, the first sequence 
not normally being found together in nature 
with the second. 

Recombination: 

the creation of a new association of DNA 
molecules or parts of DNA molecules. 

Region of homology: 

a region of DNA which shares the same nuc- 
leotide sequence as that found in a region . of 
another DNA. 
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Replicon: 

a self-replicating genetic element poss ssing a 
site for the initiation of DNA replication and genes 
specifying the necessary functions for controlling 
replication. 5 

Restriction fragment: 

a DNA molecule resulting from double* 
stranded cleavage by an enzyme which recog- 
nizes a specific target DNA sequence. to 

RNA polymerase: 

enzyme which results in the transcription of 
DNA into RNA. 

is 

Selectable marker gene: 

a DNA sequence which, when expressed, gives 
that cell a jgrowth advantage over cells which do 
not contain that DNA sequence, when all cells are 
in another growth medium which can distinguish 20 
the two types of cells. Commonly used selectable 
marker genes are those which encode resistance 
to antibiotics. 

Single cross-over: 25 

the process of recombining two circular DNA 
molecules to form a cointegrate larger circle. 

Structural gene: 
a gene which codes for a polypeptide. 30 

T-DNA: 

portion of the Ti plasmid as it is found stably 
integrated into the plant cell genome. 

35 

T-region: 

portion of the Ti plasmid which contains the 
DNA sequences which are transferred to the plant 
cell genome. 

40 

Ti plasmid: 

large plasm ids found in strains of Agrobac- 
terium tumefaciens containing the genetic infor- 
mation for tumor (crown gall) induction on sus- 
ceptible plants. 45 

TL-DNA and TR-DNA: 

octopine crown gall tumor cells can contain two 
T-DNA sequences, a left T-DNA, i.e. TL-DNA, and 
a right TR-DNA. TL-DNA contains sequences also so 
found in common with T-DNA of nopaline tumor 
cells whereas TR-DNA does not. 

tra (transfer functions): 

both plasmid-encoded diffusible products and 55 
sites of action utilized during DNA transfer 
between cells, e.g. products required to make a 
bridge between two cells and the site at which 
DNA transfer is initiated. 

60 

Transcription: 

the proc ss of producing mRNA from a struc- 
tural gene 
or: 

th process involving base paring whereby the 65 



genetic information contained in DNA is used to 
ord r a complementary sequence of bases in an 
RNA chain. 

Transformation: 

genetic modification induced by the incorpora- 
tion of exogenous DNA into the DNA complement 
of a cell. 

Translation: 

the process of producing a polypeptide from 
mRNA 
or: 

the process whereby the, genetic information 
present in an mRNA molecule directs the ord r of 
specific amino acids during the synthesis of a 
polypeptide. 

Undifferentiated phenotype: 

a homologous appearance of cells in a tissue 
without any specialized parts. 

Vector: 

a DNA molecule designed for transfer betw en 
different host cells. 

Background art 

The development of recombinant DNA tech- 
niques has made the genetic engineering of 
microorganisms a challenging prospect. Th se 
techniques might be extended to multicellular 
eukaryotes, if complete organisms could be 
regenerated from single somatic cells. The cells of 
some higher plants exhibit excellent regeneration 
capacities and, therefore, are good materials for 
the genetic engineering of higher organisms. 

A major problem for the genetic engineering of 
plants is the availability of a system for the 
introduction of exogenous (foreign) DNA into the 
plant genome. Such a system is provided by the 
tumor-inducing (Ti) plasmids carried by th 
Gram-negative soil bacterium Agrobacterium 
tumefaciens. This organism has been shown to 
cause a neoplastic transformation, called "crown 
gall", of wounded tissue of a very wide range of 
dicotyledonous plants. The proliferating neo- 
plasms synthesize novel, Ti-specified metalolites, 
called opines. The molecular basis of this trans- 
formation is the transfer and stable integration of 
a well-defined T-DNA (transferred DNA) fragment 
of the Ti plasmid in the plant cell genome. In other 
words, crown gall tumors contain in their 
chromosomal DNA a DNA segment called the T- 
DNA which is homologous to DNA sequences in 
the Ti plasmid used to induce the tumor line. In all 
cases, this T-DNA corresponds to, and is colinear 
with, a continuous stretch of Ti plasmid DNA 
which is therefore, called the T-region. 

Ti plasmids are classified according to the type 
of opine synthesized in crown gall cells. Agrobac- 
terium strains which induce the synthesis of 
nopaline (N-a-(1,3-dicarboxypropyl)-L-arginine) 
in crown gall cells are call d nopaline strains, and 
strains which induce the synthesis of octopine [N- 
a-(N-1-carboxy thyl)-L-argininel are called 
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octopine strains. These are the most commonly 
used Agrobacterium strains. 

The use of T-DNA as a vector for plant genetic 
engineering was demonstrat d in a model experi- 
ment in which the 14 kb bacterial transposon Tn7 s 
was inserted in vivo near the right border of the T- 
DNA from the Ti plasm id of the strain Agrobac- 
terium T37. Nopaline synthesis was eliminated in 
the tumors incited by agrobacteria carrying this Ti 
plasmid. Furthermore, Southern blotting hybridi- to 
zations revealed that the entire Tn 7 was present in 
the chromosomal DNA of these tumors as part of 
an otherwise normal T-DNA sequence (Hernals- 
teens ef a/.. Nature 287 0980), 654 — 656; Holsters 
et at.. Mot. Gen. Genet. 185 (283—289). Thus, the is 
introduction of this 14 kb DNA fragment into the 
23 kb T-DNA has not altered the letter's ability to 
be transferred to the plant cell genome. 

The borders of the T-DNA from the Ti plasmid 
of the nopaline strain Agrobacterium T37 have 20 
been very precisely determined. It is only a 
portion, roughly 23 kb, of the entire nopaline Ti 
plasmid. Furthermore, the borders of the T-DNA 
are known; the nucleotide sequences which 
define the borders of the T-DNA have been 25 
determined and compared with the same region 
of the nopaline Ti plasmid (Zambryskt eL. at. 
Science 209 (1980), 1385—1391; Zambryskt at., 
J. MoL AppL Genet. 1 (1982), 361-^370). Ths 
borders of the T-region are most probably 30 
involved in the integration of the T-DNA into the 
plant cell genome. 

Knowledge of the T-DNA sequences which 
define the borders of the transferred DNA is a 
basic requirement for the use of the Ti plasmid as 3S 
a vector for DNA transfer to plant cells. Thus, 
foreign DNA can be inserted within these borders 
to ensure its transfer to the plant cell genome. In 
addition, if One expects to utilize this system it is 
important that the transformed plant cells are 40 
normal rather than tumorous in their growth 
properties. To produce normal cells after T-DNA 
transfer requires knowledge of the functions 
encoded by the T-DNA itself. Thus, the T-region of 
the Ti plasmid has been subjected to intense *s 
genetic analysis to determine which regions are 
responsible for the tumor phenotype. 

The T-DNA encodes functions which are 
responsible for the crown gall phenotype. The 
genes have been localized to specific regions of so 
the T-DNA (Leemans ef a/., EMBO J. 1 (1982), 
147—152; Willmitzer et at., EMBO J. 1 (1982), 
139 — 146). In general, there are at least 4 genes 
which control the undifferentiated phenotype of 
tumor callus tissue. Mutants in these genes can 55 
either lead to transformed tissues which appears 
shoot-like or root-like. The latter results are 
especially important if one hopes to transfer DNA 
to plants for expression in normal plant tissue 
rather than tumor tissue. 60 

Recently, a mutant Ti plasmid was found to 
induce transformed shoots which wer capable 
for regenerating into completely normal plants. 
These plants w r f rtile and even transmitted T- 
DNA specific sequences through meiosis, i.e. 65 



progeny plants still contained T-DNA-specific 
sequences (Otten et at.. Mot. Gen. Genet. 183 
(1981), 209 — 213). Howev r, the transformed 
plant tissue contained in its chromosomal DNA a 
T-DNA which was very much reduced in size due 
to the generation of a large deletion which 
removed the region of the T-DNA controlling the 
tumor phenotype. It is not known whether the 
deletion occurred during the initial transforma- 
tion event or as a subsequent event leading to 
shoot formation. 

The Ti plasmids are large (200 kb) and many 
genes located at different sites on the Ti plasmid 
are involved in the transformation of plant cells. 
Therefore, it is not possible to construct a small Ti 
plasmid-derived cloning vector with uniqu 
endonuciease recognition sites at appropriate 
locations within the T-region, and possessing all 
functions essential for T-DNA transfer and stable 
incorporation into the plant cell genome. One 
known way to introduce a chosen DNA fragment 
into specific restriction enzyme cleavage sites c^&s?* 
the T-region of a Ti plasmid has been to construct 0 * 
cloning plasmids which are able to replicate in 
Agrobacterium as well as in Escherichia coli, and 
which contain a chosen restriction fragment of 
the T-DNA. Such cloning plasmids were denot d 
"intermediate vectors". Such intermediate vec- 
tors were used to analyze the functions encoded 
by the T-region (Leemans ef at., J. Mot. AppL 
Genet. 1 (1981), 149—164). 

Disclosure of the invention 

The present invention relates to a process for 
the introduction of expressible genes into plant 
cell genomes. It is one of the objects of the 
present invention to provide modified acceptor Ti 
plasmids which allow the introduction of any 
gene(s) of interest into 'these plasmids. The 
gene(s) of interest to be introduced, is (are) con- 
tained within a novel intermediate cloning v ctor 
carrying a region of homology with a corr - 
sponding .region in the acceptor Ti plasmid. The 
intermediate cloning vectors are a further object 
of this invention. 

The introduction of the gene(s) of interest into 
the acceptor TI plasmids is achieved by a single 
cross-over event which occurs within the two 
homologous DNA segments of the acceptor Ti 
plasmid harbored in Agrobacterium and the inter- 
mediate cloning vector. The intermediate cloning 
vector is mobilized from Escherichia coti where it 
is propagated to Agrobacterium using helper 
plasmids. Such helper plasmids and their func- 
tions for mobilization are known (Finnegan et et., 
MoL Gen. Genet. 185 (1982). 344 — 351; FigurskJ et 
al., Proc. Natl. Acad. Sci. USA 76 (1979), Ditta et 
al., Proc. Natl. Acad. Sci. USA 77 (1980). 7347). 
The result of the single cross-over event in 
Agrobacterium is a hybrid Ti plasmid vector. 
Such hybrid Ti plasmid vectors are a further 
object of th invention. 

The resulting hybrid plasmid vectors harbored 
in Agrobacterium (hereinafter called vector com- 
position) can be us d directly to infect plant cells 
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which are subsequently screened for th express- 
ion of th product(s) of the gene(s) of int rest. 
This proc ss for preparing transformed plant cells 
by infection of plant cells with the vector com- 
position, and the transformed plant cells, as well 
as plants generated therefrom are further objects 
of this invention. This strategy is applicable to any 
of the plant-transferable plasmids of Agrobac- 
terium, 

Description of drawings 

Fig. 1 illustrates one embodiment of an accep- 
tor Ti plasmid of the invention which is the result 
of a deletion of the internal portion of the T- 
region, except for the border sequences (1) and 
(2). The border sequences are essential for the 
integration of the T-region into a plant cell 
genome. The region (3) between border 
sequences (1) and (2) is the DNA segment which 
will be transferred to the plant The acceptor Ti 
plasmid contains a DNA segment (3) with a DNA 
sequence which is homologous with at least a 
part of a ONA sequence in an intermediate clon- 
. ing vector permitting integration of the inter- 
mediate cloning vector via a single cross-over 
event. The TJ plasmid region (4) codes for func- 
tions which are 'essential for the transfer by 
Agrobacterium of the T-region into plant cell 
genomes. This region has been designated as wr- 
region. 

Fig. 2 illustrates an intermediate cloning vector 
of the invention to be inserted by a single cross- 
over event into the acceptor Ti plasmid of Fig. 1. It 
contains a cloning vehicle ONA segment (3') with 
a ONA sequence which is homologous with at 
least part of the DNA segment <3) of the acceptor 
Ti plasmid permitting the desired single cross- 
over event Moreover, the intermediate cloning 
vector contains a gene or group of genes (S) of 
interest having its natural promoter sequence. In 
general plant genes can be used in this construc- 
tion as they ere more likely to be expressed. 
However, in principle any natural gene of interest 
can be inserted. The intermediate cloning vector 
may also contain a selectable marker gene (6). 
This gene should contain a promoter sequence 
which permits expression of the gene in plant 
cells. Plant cells containing this marker gene 
should have a selective growth advantage over 
cells without this gene; in this way plant cells 
which have been transformed by DNA containing 
this marker gene can be distinguished from 
untransformed plant cells. 

Fig. 3 illustrates another embodiment of an 
intermediate cloning vector of the invention 
which is similar to the intermediate cloning vector 
of Fig. 2, and is to be inserted by a single cross- 
over event into the acceptor Ti plasmid of Fig. 1. It 
contains the cloning vehicle ONA segment {3'), an 
exogenous promoter sequence (8) allowing regu- 
lated expression of the gene(s) of interest (7), and, 
if desired, a marker gene (6). 

Fig. 4 schematically illustrates th c nstruction 
of hybrid T7 plasmid vectors of the inv ntion from 
the acceptor Ti plasmid of Fig. 1, and the inter- 
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mediate cloning vectors of Figs. 2 and 3 by a 
single cress-over event. 

Fig. 5 outlines the steps involved in the genetic 
transfer of an intermediate cloning vector from £. 
coti to Agrobacterium containing an acceptor Ti 
plasmid. The first step is the conjugation of the E. 
cofi strain (1) containing the intermediate cloning 
vector to another B. cofi strain (2) which contains 
two helper plasmids for the later conjugation to 
Agrobacterium.* One helper plasmid contains 
DNA sequences important for plasmid transfer 
(tra) and the other helper plasmid contains 
sequences which are important for the mobiliza- 
tion {mob). When these helper plasmids ar 
introduced by conjugation into E. co/i strain (1), 
the intermediate cloning vector contained therein 
Will be capable of being transferred to other 
bacterial strains. The tra and mob helper plasmids 
also contain antibiotic resistance markers Ab r2 
and Ab* 3 which are different from those found in 
the intermediate cloning vector <Ab r, >. Thus, the 
presence of all the plasmids can be monitored on 
selective media. A mobilizing strain (3) is 
obtained. This mobilizing strain (3) is conjugated 
to an A. tumefaciens strain (4) which contains the 
acceptor Ti plasmid of Fig. 1 followed by selection 
for antibiotic resistance marker(s) . of the inter- 
mediate cloning vector. Asrjhe intermediate clon- 

in^yec*©*^ it 
Cfcffe^^ a cointe- 

^ritejwithitheir^ this 
cointegrate structure in Agrobacterium <5) is the 
final hybrid Tr plasmid used to transfer DNA into 
plant cell genomes. 

Fig. 6 illustrates the construction of a model 
acceptor Ti plasmid (A) which is analogous to that 
shown in Fig. 1. Here, a double cross-over event 
occurs between a Ti plasmid and another plasmid 
containing a DNA sequence which is to replace a 
portion of the original Ti plasmid. More sp ci- 
ftcally, the smaller plasmid contains the border 
sequences of the T-region (1; 2) in a cloning 
vehicle (3}. A double cross-over results in the 
deletion of the internal portion T of the T-region 
and its replacement by the cloning vehicle. The 
acceptor Ti plasmid (A) obtained is capable of 
transferring DNA contained between the border 
sequences (1; 2) into plant ceil genomes. The 
resulting transformed plant DNA will not produce 
tumorous crown gall tissue as the genes control- 
ling neoplastic growth are deleted in the T? plas- 
mid (A). Ti plasmid (A) is a very generalized 
acceptor Ti plasmid for any intermediate cloning 
vector with homology with cloning vehicle (3). 
The cloning vehicle <3) may be a conventional 
plasmid, such as pBR322 (or its derivatives}. 

Fig. 7 illustrates schematically the steps leading 
to the construction of an intermediate cloning 
vector in £. cofi host cells. A gene of interest (5) 
bracketed by restriction endonuclease site R1 and 
a selectable marker gene (6) bracketed by restric- 
tion endonuclease site R2 are inserted into a 
cloning vehicl (3') containing single restriction 
sites for the enzym s R1 and R2. All three molecu- 
les are digested with r striction enzymes R1 and/ 
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or R2 and ligated together using DNA ligase to 
form the intermediate cloning v ctor. The cloning 
vehicle 3' must also contain additional DNA 
sequences which code for antibiotic resistance 
(Ab") to use as a selectable marker for bacterial s 
genetics. The gene of interest (5) may be under 
the control of its natural promoter or of an 
exogenous promoter as outlined in Figs. 2 and 3. 

Fig. 8 illustrates the construction of another 
embodiment of an acceptor Ti plasmid (B) of the io 
invention. Here, a double cross-over event occurs 
between a Ti plasmid and a cloning vehicle (3) 
vhicb contains DNA sequences (9) and (10) which 
are homologous to Ti sequences just outside the 
border sequences (1) and (2) respectively. The is 
double cross-over event results in the deletion of 
the entire T-region T including the border 
sequences {1) and (2) and its replacement with the 
cloning vehicle (3). Ti plasmid (B) is an acceptor 
for intermediate cloning vectors which contain 20 
the gene of interest cloned between the border 
sequences (1) and (2); (see Fig. 9). 

Fig. 9 illustrates an intermediate cloning vector 
of the invention to be inserted by a single cross- 
over event into the acceptor Ti plasmid (B) of Fig. 25 

8. It contains the border sequences (1) and (2). 
which flank the gene(s) of interest (5). It also 
contains a cloning vehicle sequence (3') which is 
at * least partially homologous to the cloning 
Vehicle sequence (3) in the acceptor Ti plasmid (B) 30 
to allow homologous recombination between the 

two plasmids. 

Fig. 10 schematically illustrates the construc- 
tion of hybrid Ti plasmid vectors of the invention 
from the acceptor Ti plasmid (B) of Fig. 8 and the 35 
corresponding intermediate cloning vector of Fig. 

9. A single cross-over event introduces the inter- 
mediate cloning vector of Fig. 9 into the acceptor 
Ti plasmid (B) of Fig. 8. 

The following Figures 1 1 to 20 more specifically *o 
illustrate the invention. 

Fig. 11 illustrates the insertion of the 5.2 kb 
HindMl fragment AcgB into pBR322 (see also 
Zambryski eta/.. Science 209 (1980), 1385—1391). 
This fragment AcgB contains the right and left 45 
border regions of the nopaline Ti plasmid T-DNA. 
This clone pAcgB is used in the construction of 
acceptor plasmid pGV3850, an "A-like" acceptor 
plasmid as shown in Fig. 6. It is obvious to those 
skilled in the art that a clone analogous to clone so 
pAcgB can be obtained by using the cloned 
restriction fragments which contain the left and 
right border region of a wild-type Ti plasmid. 

Fig. 12 illustrates the T-region of nopaline Ti 
plasmid pGV3839. The Hind\\\ restriction 55 
endonuclease sites are indicated as (H). Mutated 
HindUl fragment 19 is indicated (19*). The acetyl- 
phosphotransferase gene providing kanamycin or 
neomycin resistance is indicated as apt and is 
located in the black box area. The borders of the 60 
T-region are indicated by arrows. The nopaline 
synthase gen is indicated by nos. The numbers 
refer to the sizes oi the r striction fragments 
according to Depicker et a/., Plasmid 3 (1980), 
193 — 211. The construction of th Ti plasmid 65 



pGV3838 can be taken from Exampl 1. and the 
two references cited. 

Fig. 13 illustrates the construction of acc ptor Ti 
plasmid pGV3850. The plasmid pBR322-pAcgB 
(Fig. 11) is depicted in a linearized form. The 
pBR322 sequences are indicated by th cross- 
hatched area and the ampicillin resistance gene of 
pBR322 by Ap". Part of the T-region of pGV3839 
which is shown in Fig. 12 is shown here; th 
rV/ndlll fragments (10) and (23) involved in 
homologous recombination with pAcgB and th 
apt gene are indicated. Double cross-over events 
lead to the construction of pGV3850 and another 
replicon containing the apt gene which is lost. 

Fig. 14 illustrates schematically, the construc- 
tion of intermediate cloning vector pGV700 which 
is given in detail in Example 2. The following 
abbreviations are used to indicate restriction 
endonuclease sites: B, BamHl; Bg, £67/11; E, £coR1; 
H, HindMl; S, Sail; Sm, Smal. The following 
abbreviations are used to indicate antibiotic^ 
resistance; Ap, ampicillin; Cm, chloramphenicol $u 
Sm, streptomycin; Tc, tetracycline. The numbers 
on the bottom of the figure which refer to TL-DNA 
Indicate the RNA transcripts of this region (Will- 
mitzer et aU EMBO J, A (1982), 133— 146). 

Fig. 15 illustrates the structure of the inter- 
mediate cloning vector pGV750. Its construction 
is described in Example 2. The restriction 
endonuclease sites are indicated with their rela- 
tive locations given in numbers as kilobase pairs 
(kb). Pst\ sites are not indicated but there ar 3 in 
the Km fl /Nm R region, and one in the Cb R g ne. 
The right and left borders are also indicated. The 
BgflVBamHl and HpaVSmal sites used in the 
construction of pGV750 are indicated but are not 
present in pGV750. The shaded area corresponds 
to TL-DNA, the dark area to the Km R /Nm R r gion, 
the white area to contiguous Ti plasmid 
sequences, and the line to the cloning vehicle 
pBR325. Other abbreviations used are: Ocs, 
octopine synthase; Cm*, chloramphenicol 
resistance; Cb", carbenicillin (analogous to 
ampicillin) resistance; and Km H /Nm R , kanamycin 
resistance/neomycin resistance. 

Fig. 16 illustrates the construction of the inter- 
mediate vector pGV745 described in detail in 
Example 3. pGV745 is used in the construction of 
the acceptor plasmid pGV2260, a "B-like" accep- 
tor plasmid shown in Figure 8. Restriction 
endonuclease sites are indicated as follows: B, 
BamHl; H, HindMl; R, £coRI. The ampicillin 
resistance gene is indicated by Ap R . The cross- 
hatched region indicates DNA homologous to th 
left side of the T-DNA region of the octopine Ti 
plasmid and the white region indicates DNA 
homologous to the right side of the T-DNA region 
of the octopine Ti plasmid; the physical location 
and description of the starting plasmids pGV02 19 
and pGV0120 can be found in De Vos et aL, 
Plasmid 6 ( 1 981 ), 249—253. 

Fig. 17 illustrates the construction of the accep- 
tor plasmid pGV2260. Th d letion substitution in 
pGV2217 is indicated as a black box containing 
the acetyl phosphotransferase gene (indicated 
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apt) which provides resistance to neomycin and 
kanamycin. The intermediate vector pGV745 (Fig. 
16) is depicted in linearized form; it has b en 
opened at the HindUl site Of pGV745 shown in Fig. 
16. The pBR322 sequence is indicated as a cross- 
hatched section and the ampicilfin resistance gene 
by Ap R . Double cross-over events lead to the 
construction of pGV2260 and the loss of the apt 
gene. Restriction endonuclease sites are indicated 
as follows: B, BamH\; H, HindlW; ft, EcoRI. 

Fig. 18 illustrates the construction of a pJasmid 
pLGV238V for the expression of genes down- 
stream of the promoter of the nopaline synthase 
gene inos). The 5* end 3' referto the start and stop 
f transcription, and the ATG and TAA refer to the 
codons used to start and stop translation. The 
heavy black line indicates the nos promoter 
region, and the white area indicates the nos coding 
region. AP" denotes ampicillin resistance, and 
Km R kanamycin resistance. 

Fig. 19 illustrates the insertion of the plasmid 
pAGVIO containing the complete octopine synth- 
ase iocs) coding sequence in plasmid pLGV2381 
(see also Rg. 18) behind the nos promoter result- 
ing in plasmid pN0 1/2. The heavy black lines refer 
to the promoter regions and the white area to the 
ocs coding region. Other notations are as in Fig. 1 8. 

Rg. 20 illustrates the nucleotide sequences 
around the promoter region of the nopaline synth- 
ase {nos) gene and the nucleotide sequences 
around the same region following fusion with the 
coding region of the octopine synthase gene. The 
point of fusion is indicated by an asterisk (*). 
Several restriction endonuclease sites are indi- 
cated. Bam HI, Mndlll, and SadL The 5' and 3' refer 
to the start and stop of transcription. The ATG 
refers to the first codon used in translation and the 
TAA refers to the stop codon used in translation. 
The large arrows indicate the coding regions of the 
nopaline gene in white and the octopine gene in 
stripes. 

Detailed description of the invention 

Referring to Fig. 1, we have shown therein a 
simplified diagram of an acceptor Ti plasmid. This 
acceptor Ti plasmid contains the two border 
sequences (1 ; 2) or regions of the wild-type tumor- 
inducing (Ti) plasmid. The border sequences are 
essential for the integration of the T-region of Ti 
plasmids into a plant cell genome. In other words, 
they are essential for the integration of any DNA 
sequence (3) or T-region into a plant cell genome 
located between these sequences. 

The DNA sequence (3) of the acceptor Ti plasmid 
contains a DNA segment which is homologous 
with at least a part of a DNA sequence (3') of an 
intermediate cloning vector illustrated in Figs. 2 
and 3. 

This homology is necessary for co-integration 
by a single cross-over event (homologous recom- 
bination) of the intermediate cloning vector with 
the acceptor Ti plasmid. Th frequency of obtain- 
ing coint grates is determined essentially by the 
length of th r gion of homology. In order to effect 
a homologous recombination event at a good 



frequency, regions of 1 to 4 kb are normally used 
(Leemans et a/., J. Mot. Appl. Genet. 1 (1981). 
143—164). 

The acc ptor Ti plasmid furthermore contains 
5 sequences (4) which are essential for the transfer 
by Agrobacterium of the T-region of the Ti plas- 
mids into plant cell genomes. 

The construction of such acceptor Ti plasmids 
and their cointegration with intermediate cloning 
to . vectors illustrated in Figs. 2 and 3 will be described 
later in connection with the discussion of Fig. 4. 

In Figs* 2 and 3 we have shown simplified 
diagrams of intermediate cloning vectors for the 
cloning of any prokaryotic or eukaryotic gene(s) of 
ts interest to be expressed, i.e. transcribed under the 
control of a promoter t.nd translated in plant cells. 
These intermediate cloning vectors contain a DNA 
segment (3') from a cloning vehicle containing a 
DNA sequence which is homologous with at least 
20 a part of the DNA segment (3) of the acceptor Ti 
plasmid thus permitting a single cross-over event. 
Moreover, the intermediate cloning vectors con- 
tain at least one gene of interest (5; 7) which 
contains either its natural or an exogenous pro- 
2s moter sequence.- The promoter sequence allows 
the expression of the inserted gene sequence(s). 
The use of an exogenous promoter sequence 
(tailored promoter) may be useful for directing the 
expression of the inserted gene(s) in a regulated 
30 fashion. 

Examples of different types of regulation include 
the following: (i) tissue-specific expression, i.e. 
leaves, roots, stem, flowers; <ii) level of express- 
ion, i.e. high or low; and (Hi) inducible expression, 
35 i.e. by temperature, light, or added chemical 
factors. 

Examples of genes of interest for the inter- 
mediate cloning vectors are: DNA fragments or 
sequences with the genetic information contr I- 

4o ling the synthesis of products such as amino acids 
or sugars to modify the nutritive or growth poten- 
tial of a plant; or products which provide protec- 
tion against, external pathogenic agents such as 
resistance to disease organisms or stressful 

45 environmental factors: or products which provide 
information on basic plant processes which are to 
be modified by genetic engineering techniques. 

Figures 2 and 3 each show intermediate cloning 
vectors which may contain selectable marker 

so genes (6). Examples of selectable marker genes 
are those encoding resistance to antibiotics or 
toxic analogs (for example, amino acid analogs), 
or genes which can supply a defect in the recipien t 
host cell. 

55 Figure 4 illustrates the structures involved in the 

construction of hybrid Ti plasmid vectors and 
Figure 5 describes the actual conjugation steps 
involved in the isolation of Agrobacterium carry- 
ing the hybrid Ti plasmid vectors. Since the 

so intermediate cloning vector is constructed in f. 
co/i these steps are necessary to transfer the 
intermedial cloning vector to the acc ptor Ti 
plasmid in Agrobacterium. 
The known transf r process which was used to 

55 prepare modified Ti plasmids in which a portion of 
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the T-region was replaced by an altered sequence 
involves many steps. Normally, most ON A recom- 
binant manipulations are done in specially 
designed cloning vehicles such as pBR322 
(Bolivar. Gene 2 (1977), 75 — 93). However, these 
cloning vehicles cannot transfer on their own to 
Agrobacterium. In the known process this 
problem is solved by: 

a) replacing the pBR cloning vehicle sequence 
by another wide-host-range cloning vehicle, such 
as the mini-Sa plasmid (Leemans et a/.. Gene 19 
(1982), 361—364), capable of also repliacting in 
Agrobacterium, The manipulations are effected in 
£ co/i. An intermediate cloning vector is 
obtained. 

b) Conjugation of the £ co/i strain carrying the 
intermediate cloning vector containing the DNA 
of interest with another £ co/i strain carrying a 
helper plasmid which cannot replicate in 
Agrobacterium but which can mediate transfer of 
itself and other ON As to Agrobacterium. 

c) Conjugation of £ co/i obtained in step (b) 
with Agrobacterium containing a Ti plasmid. The 
helper plasmid is lost. 

d) Since the intermediate cloning vector is 
capable of replicating and existing in Agrobac- 
terium as a separate re pi icon, the conjugants 
obtained in step (c) are a mixture of cells contain- 
ing either the cointegrate between the inter- 
mediate cloning vector and the Ti plasmid or 
other cells containing the intermediate cloning 
vector and the Ti plasmid where no cointegration 
has occurred. In order to specifically isolate only 
the cointegrates, a second conjugation to another 
Agrobacterium strain without a Ti plasmid must 
be performed. This transfer is mediated by func- 
tions encoded by the Ti plasmid itself. Transfer of 
the intermediate cloning vector into the second 
Agrobacterium strain is effected only in the form 
of a cointegrate with the Ti plasmid. 

e) In order to obtain the final modified Ti 
plasmid with the desired replacement a second 
cross-over event is effected (Leemans et at.. J. 
Mot. AppL Genet 1 (1981), 149—164). 

The only other known method is essentially the 
same as outlined above, except that for step (d) 
another plasmid which is not compatible with the 
intermediate cloning vector is introduced into 
Agrobacterium; in this case, the cointegration 
(single cross-over event) can be selected for since 
all the intermediate cloning vectors which remain 
as independent replicons will be lost (Matzke et 
a/., J. Mo/. AppL Genet 1 (1981), 39—49). 

We describe a novel and much simplified 
method for the introduction of intermediate clon- 
ing vectors into acceptor Ti plasmids of Agrobac- 
terium. Briefly, this method is based on the 
finding that helper plasmids of £ co/i allow 
transfer of many of the commonly used cloning 
plasmids (such as pBR322) direct/y to Agrobac- 
terium. Since none of these plasmids can repli- 
cate in Agrobacterium only those which can 
cointegrate with the acceptor Ti plasmid will be 
retained. In addition, we use this cointegrate in 
Agrobacterium as a vector composition directly 



for infection of plant c lis. In this manner we have 
eliminated steps (d) and (e) described above 
which greatly increases the possibilities for using 
the acceptor Ti plasmids as vectors for DNA 
5 transfer to plant cell genomes bykboth decreasing 
the time required for constructing m dified hyb- 
rid Ti plasmids and increasing the flexibility of th 
possible constructions. 
Thus, as outlined in Figure 5, the introduction of 
to the intermediate cloning vector into the acc ptor 
Ti plasmid is accomplished in two steps. First, 
conjugation of £ co/i strain (1) carrying the 
intermediate cloning vector to another £ co/i 
strain (2) carrying two plasmids which will help to 
75 mobilize the intermediate cloning vector to 
Agrobacterium, Typical and preferred examples 
of these helper plasmids are R64c/ro*11 containing 
mob functions and pGJ28 containing tra func- 
tions (Finnegan et a/., Mot. Gen. Genet VQS 
20 (1982), 344—351). A bom site (Warren et at.. 
Nature 274 (1978), 259— 261) on the cloning 
vehicle of the intermediate cloning vector is rec-|l 
ognized by the functions encoded by the other 
two plasmids to allow transfer to occur. All 
25 plasmids should preferably contain antibiotic 
resistance markers to detect their pres nc . 
Secondly, the £ co/i strain obtained, i.e. th 
mobilizing strain (3) carrying all three plasmids is 
conjugated to Agrobacterium containing an 
30 acceptor Ti plasmid with a region of homology 
with the intermediate cloning vector. A sing I 
cross-over event between the intermediate clon- 
ing vector and the acceptor Ti plasmid is d tect- 
able by selection for the antiobiotic resistanc 
35 marker of the intermediate cloning vector. 

Figure 6 schematically illustrates the DNA 
molecules used to construct the acceptor Ti plas- 
mid shown in Figure 1. We call this acceptor Ti 
plasmid (A) to distinguish it from the other acc p- 
40 tor Ti plasmid (B) (Fig. 8), The construction 
requires a double cross-over event between a Ti 
plasmid and another plasmid carrying the border 
sequences . (D and (2) in a cloning vehicle (3). As 
illustrated in the Figure, the cloning vehicle 
45 sequence (3) lies between border sequence (1) on 
the left and (2) on the right; in order to show the 
correct polarity of the DNA strands, this can be 
drawn on a circle. However, to show the regions 
of homology used in the double cross-over event, 
so this circle has been broken as indicated. This is an 
important subtlety to realize and it is also used in 
the construction of acceptor Ti plasmid (B) in 
Figure 8, i.e. # if border sequences (1) and (2) were 
simply inserted within cloning vehicle sequence 
55 (3), a double cross-over event would prou^we a fi 
plasmid with a deleted T-region but without the 
cloning vehicle sequence between the border 
sequences (1) and (2). As also shown here in 
Figure 6, the double cross-over event also pro- 
60 duces a circular DNA molecule which contains the 
original T-region between border sequences (1) 
and (2); as this is not a r plicon, it will b lost. 
Genetic selection for these vents can be 
achi v d by, for example, selecting for the loss of 
65 an antibiotic resistance marker contained within 
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the T-region of the Ti plasmid and selecting for an 
antibiotic resistance marker contained within the 
' cloning v hide sequence (3). 

Figure 7 schematically illustrates the construc- 
tion of an intermediate cloning vector of Figs. 2 5 
and 3. A gene of interest (5) and a selectable 
marker gene (6), each bracketed by a restriction 
endonuclease site R1 or R2, respectively, are 
inserted into a cloning vehicle sequence (3') 
which contains unique restriction sites for enzy- to 
mes R1 and R2 by digestion and ligation of alt 
molecules. The recombinant DNA molecule 
obtained is ued to transform £ co/i host cells and 
transformants are selected for the antibiotic 
resistance marker (Ab" 1 ) of the cloning vehicle is 
sequence (3'K 

Figure 8 schematically illustrates the DNA 
molecules used to construct another embodiment 
of the invention, i.e. acceptor Ti plasmid (B). Here 
a double cross-over event occurs between a Ti 20 
plasmid and a plasmid containing the cloning 
v hide sequence (3) defween the DNA sequences 
(9) and (10), which are located just outside the 
border sequences (1) and (2); in order to illustrate 
the homologous regions used In the cross-over 25 
event the smalt plasmid has been broken (as in 
Fig; 6). The product of the double cross-over 
event is acceptor Ti plasmid (B) and another 
circular ONA molecule which is lost containing 
the T-region from the original Ti plasmid plus the 30 
DNA sequences (2). (10). (9), and (1). Genetic 
selection can be achieved as described for Figure 
6. 

Figure 9 schematically illustrates an inter- 
mediate cloning vector to be used in combination 35 
with the acceptor Ti plasmid B of Figure 8. Here, 
the gene of interest (5) is inserted between the 
border sequences ft) and (2) which are contained 
in a cloning vehicle sequence (3*). 

Figure 10 schematically illustrates how a single 40 
cross-over event introduces . the intermediate 
cloning vector of Fig. 9 into the acceptor Ti 
ptasmtd (B). In this case, selection for the anti- 
biotic resistance marker of the cloning vehicle 
sequence (3') of the intermediate cloning vector 45 
ensures that a hybrid Ti plasmid can be found 
which is the result of a cointegration between the 
two plasmids. A hybrid Ti plasmid is produced 
with the gene of interest contained within the 
border sequences (1) and (2). The hybrid plasmid so 
thus constructed does not contain in its T-region a 
sequence which is a direct repeat (as for example 
the sequences 13) and (3') in hybrid Ti plasmid of 
Fig, 4, avoiding possible problems of instability of 
the hybrid vector or of the transformed DNA in ss 
the plant cell genome as a result of intramolecular 
recombination. 

Unpublished results from our laboratory also 
indicate that for construction of the intermediate 
vector in Fig, 9, it is not essential to have both so 
border sequences 1 and 2; it is sufficient but 
ssential to have at least the right border 
sequ nee (2) (see Fig. 1 and Fig. 9), in order to 
obtain integration of the desired DNA s quenc 
into the plant genom . 65 



Knowledge of the restriction endonuclease 
maps of the Ti plasmids of Agrobacterium. e.g. 
no pa line or octopine Ti plasmids (Oepick r et a/., 
Plasmid 3 (1980). 193— 21 1; De Vos eta/.. Plasmid 
6 (1981), 249—253), plus the knowledge of the 
restriction fragments which contain the T-DNA 
border regions (Zambryskt et a/„ J. Mot Appf. 
Genet 1 (1982), 361—370; De Beuckeloer et at., 
MoL Gen. Genet 183 (1981), 283—288) enables 
now any investigator to construct acceptor Ti 
plasmids according to the process of this inven- 
tion. The only additional skill required is the 
ability to perform conventional recombinant DNA 
techniques and basic bacterial genetic manipula- 
tions. The present invention is unique in that it 
specifically proposes the described acceptor Ti 
plasmids which have been shown to be effective 
for the construction of hybrid Ti plasmid vectors; 
furthermore these acceptor Ti plasmids are 
designed to form part of a process to introduce 
genes into the plant cell genome. 

In order to further illustrate the disclosed accep- 
tor Ti plasmids, intermediate cloning vectors, 
hybrid Ti plasmid vectors and vector composi- 
tions, and to demonstrate the effectiveness of th 
vector compositions in providing transformed 
plant cells and plants showing expression of the 
foreign genets) integrated into the plant ceil 
genome, the following examples are provided. 

Example 1 

Construction of acceptor Ti plasmid pGV3850 
(type A) 
Starting strains and plasmids: 
Agrobacterium tumefaciens (rifampicin-resis- 
tant strain C58C1, and chloramphenicol-eryt- 
hromycin-resistant strain C58C1 derived from 
wild-type Agrobacterium) 
Ti plasmid =pGV3839 
Plasmid of Fig. 11=pAcgB 
The Ti plasmid pGV3839 is constructed from a 
nopaline plasmid pTiC58tra c (pGV3 100; Holsters 
et ah, Plasmid 3 (1980), 212—230). It contains a 
deletion substitution mutation near the centre of 
the T-region; the Sma\ fragment 24 internal to 
HindXW fragment 19 (Depicker et ah, Plasmid 3 
(1980), 193— 21 1) has been substituted by a HindW 
fragment of pKC7 (Rao et aK Gene 7 (1979), 
79 — 82) which contains the apt (acetylphospho- 
transferase) gene of Tn5. This gene codes for 
resistance to the aminoglycosides neomycin and 
kanamycin. Figure 12 gives a restriction map of 
the T-region of pGV3839. 

The plasmid pAcgB is an insert of AcgB in 
pBR322 which contains only the borders of the T- 
DNA (see Fig. 11). The borders are defined as the 
ends of the T-DNA and these regions play a role in 
the stable integration of the T-DNA into the plant 
ceN genome. The origin and analysis of this clone 
has been described in detail (Zambryski ef aL, 
Science 209 (1980), 138&— 1391). This clone was 
obtained by re-isolating portions of the T-DNA 
from transformed tobacco ONA. pAcgB contains 
th junction of two T-DNA copi s which are 
arranged in tandem so that it contains the left and 
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right borders of the T-DNA. In addition, pAcgB 
contains the nopaline synthase gene since this 
g netic information maps very close to the right 
T-DNA border. The plasmid pAcgB is used for the 
construction of an "A-fike" acceptor Ti plasmid, 
pGV3850. Figure 6 outlines the structures 
involved and Figure 13 gives more precisely the 
regions of ONA involved in the double cross-over 
events leading to pGV3850. 

The described plasmid pAcgB carries a ColE1- 
specific bom site in the pBR322 portion and can 
be mobilized from £. coll to Agrobacterium by 
using the helper plasmids R64oVo*1 1 and pGJ28. 
The plasmids R64oVtf1 1 and pG J28 contained in 
E. colt are introduced into the £L- cofi strain 
carrying pAcgB by conjugation. Transconjugants 
are selected as ampicillin-resistant (from the 
pBR322 sequences of pAcgB), streptomycin-resis- 
tant (from R64oVo*11) and kanamycin-resistant 
(from pGJ28) colonies. 

The £. cofi strain carrying all three plasmids is 
conjugated to Agrobacterium strain C58C1 which 
is rifampicin-resistant and which contains the Ti 
plasmid pGV3839. The ampicillin-resistance of 
pBR322 is used to select for the first single cross- 
over event with the nopaline 77 plasmid. The only 
way that the ampicilltn resistance can . be 
stabilized in Agrobacterium Is a cross-over event 
upon homologous recombination with pGV3839 
through one of the homology regions near the T- 
region borders. By a second crossover event 
through the other homology region, the central 
portion of the T-region of pGV3839 including the 
apt gene (kanamycin resistance) is replaced by 
the pBR322 sequences of the clone pAcgB. 
Second recombinants are thus ampicillin-resis- 
tant and kanamycirvsenshive. To increase the 
probability of isolating a second recombinant, the 
rifampicin-resistant Agrobacterium carrying the 
first recombinant <pAgcB::pGV3839) is conju- 
gated with a second chloroarnphentcol/erythro- 
mycin-resistant Agrobacterium strain without a Ti 
plasmid. In this manner, a chloramphenicol/eryt- 
hromycin-resistant Agrobacterium pGV3850 can 
be obtained which is ampicillin-resistant and 
kanamycin-sensitive at a frequency of approxi- 
mately one in 600 colonies. 

Of course, there are other Ti plasmids which 
can be utilized to construct pGV3850-type accep- 
tor Ti plasmids. Any Ti plasmid carrying a select- 
able marker gene near the centre of the T-region 
may be used as a recipient. Furthermore, a 
pAcgB-like plasmid may be constructed by insert- 
ing the T-region border fragments into pBR322 in 
such a way that the pBR322 sequences lie in- 
between the left border fragment and the right 
border fragment in the orientation left border 
fragment — pBR322 — right border fragment. For 
example, the left and right border fragments of 
the nopaline Ti plasmid are Hindlll fragment 10 
and 23, respectively {Depicker ef a/., Plasmid 3 
(1980), 193—211). 

A single cross-over event will introduce an 
intermediate cloning vector containing any gene 
of interest which is inserted in pBR322 (or its 



derivatives) into the modified T-DNA r gion of 
pGV3850. Th only requir mem is that the ONA to 
be introduced contains an additional resistance 
marker gene to those already f und in pBR322 to 
5 use as a means to select for the transfer of the 
intermediate cloning vector from £. coli to 
Agrobacterium. This resistance marker can be 
contained either within the pBR sequences (such 
as Cm* for pBR325 or Km R for pKC7) or within the 
to DNA which is to be tested in the plant cell. In 
addition, in the acceptor Ti plasmid pGV3850 the 
Ap R gene pBR322 can be replaced by another 
resistance marker gene such as KmR; in this way 
even pBR322-conta iriing intermediate cloning 
is vectors which are Ap R can be directly mobilized to 
this pGV3850-like acceptor Ti plasmid. 

An added advantage of the pGV3850-type 
acceptor Ti plasmid is that it does not produc 
tumors in transformed plant cells. Cells which 
20 have been "transformed" by pGV3850 can easily 
be screened from untransformed cells by assay- 
ing for the presence of nopaline as the shortenef^ 
T-DNA region of pGV3850 still contains the geife 
encoding nopaline synthase. Of course, if th 
25 intermediate cloning vector which is cointegrat d 
into the acceptor Ti plasmid pGV3850 contains a 
marker gene it can also be directly screened or 
selected for. 

Besides insertion of defined intermediate don- 
so ing vectors containing a pBR322 sequence by a 
single cross-over event into the acceptor Ti plas- 
mid pGV3850, this acceptor Ti plasmid can also 
be used as a recipient for cloned banks of DNA in 
pBR322 or its derivatives in a "shotgun"-type 
35 experiment. The total population of hybrid plas- 
mid vectors in Agrobacterium can be us d to 
infect plant cells and is subsequently screened for 
expression of any selectable gene(s) of int rest. 
For example, one can easily select for genes 
40 encoding amino acid synthesis by applying the 
total bank to plant cells which are deficient in th 
chosen amino acid. 

The acceptor Ti plasmid pGV3850 has two 
phenprypic characteristics: (i) the inability to pro- 
45 duce tumors, and <ii) the ability to synth size 
nopaline if T-DNA transfer occurs into the plant 
cell genome. Thus, several experiments are per- 
formed to check for these characteristics in 
various plant tissues infected with Agrobacterium 
so containing pGV3850. 

a) Tests with potato and carrot discs. Inocula- 
tion of potato and carrot slices with the acceptor 
Ti plasmid pGV3850 results in the production of a 
small amount of callous tissue. This tissue is 

55 tested for the presence of nopaline and is found to 
be positive. It is interesting that this mutant is able 
to produce small callous tissue; however, it can 
only be obtained if the discs are grown in media 
containing low concentrations of both auxins and 

so cytokinins. 

b) Inoculation of whole plants with acceptor Ti 
plasmid pGV3850. Tobacco and petunia planttets 
growing on sterile agar media (without hormo- 
nes) are inoculated with pGV3850. A small 

6$ amount of tissue growth can only be observed 
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after several months {normally "wild-type" 
tumors are detected after two weeks). This tissue 
do s not grow on hormone-free media but can be 
propagated further as sterile tissue culture on 
media containing both auxin and cytokinin. This 5 
tissue is also shown to be nopaline-positive. 

c) Furthermore, since pGV3850 "transformed" 
cells are not tumor-like, these cells are capable of 
regenerating into normal plants which still con- 
tain in their genome the transferred DNA seg- to 
menu Normal plants will be obtained by culturing 
the transformed cells on conventional regenera- 
tion media (see also Example 5). 

To prove, the usefulness pf pGV3850 as an 
acceptor plasmid the following experiment is 1S 
performed. An intermediate cloning vector con- 
taining oncogenic functions pf the octoptne T- 
DNA in pBR325 is recombined into Agrobac- 
tectum harboring pGV3850. The resulting hybrid 
Ti plasmid in Agrobacterium obtained by a single 20 
cross-over event is inoculated onto wounded 
tobacco plants. Tumor tissue develops after about 
two weeks. This is evidence that the tumor- 
inducing DNA is reintroduced into pGV3850 and 
is expressed properly in transformed plant cells. 25 

Example 2 " 4 . . 

Construction of intermediate cloning vectors 
pGWOO and pG V750 

An overview of the constructions is represented 30 
schematically in Figure 14.. HindilXl fragment 1, 
representing the right part of TL-DNA of the 
octopine TI plasmid B6S3, and present in 
PGV0201 (De Vps et al., Plasmid 6 {1981), 
249—253), is inserted first in the Hindlll site of the 35 
broad-host range vector pGV1 1 22 (Leemans et aL, 
Gene 1$ (1982), (36V— 364). The recombinant 
plasmid pGv*0201 contains the Hindlll fragment 1 
inserted in the unique Hindlll site of the multicopy 
vector pBR322 (Bolivar et aL, Gene 2 (1977), 40 
95—1 13). pGV0201 and pGV.11 22 ONA is prepared 
as described by Betlach eta/;. Fed, Proc. 35 (1976), 
2037—2043. Two ug of pGV0201 DNA are totally 
digested with 2 units of HindlW (all restriction 
enzymes are purchased from Boehringer Man- 45 
nheim) for 1 hour at 37*C in a final volume of 20 
pi. The incubation buffer is described by O'Farrell 
et aL, MoL Gen. Genet 179 (1980), 421—435. Two 
ug of pGV1122 DNA are totally digested with 
Hindlll under the same conditions. so 

One tenth ug of Hindlll digested pGV0201 is 
ligated to 0.05 ug of ///Vidlll-digested pGV1122 
with 0.02 units of T4 ligase (Boehringer Man- 
nheim) in a final volume of 20 ul. Incubation 
buffer and conditions are as recommended by the 55 
manufacturer (Brochure *T4 ligase", Boehringer 
Mannheim, August 1980, #10.M.880.486). Trans- 
formation of the ligation mixture into competent 
E. coli K514 hsr~ hsm* cells (Colson ef aL, Gene- 
tics 52 (1965), 1043 — 1050) is carried out as eo 
described by Dagert and Ehrlich, Gene 6 (1980), 
23 — 28. C lis are plated on LB medium (Miller, 
Experiments in Molecular Genetics (1972), Cold 
Spring Harbor Laborat ry. New York) sup- 
pi mented with str ptomycin (20 ug/ml) and 65 
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spectinomycin (50 ug/ml). Transformants contain- 
ing recombinant plasmids are screened for tet- 
racycline sensitivity (10 ug/ml), due to the inser- 
tional inactivation of the g ne coding for tetracyc- 
line resistance (Leemans et aL, Gene 19 (1982), 
361 — 364). Streptomycin- and spectinomycin- 
resistant and tetracycline-sensitive clones ar 
physically characterized. Microscale DNA pre- 
parations are performed according to Klein et aL 
{Plasmid 3 (1980), 88—91). The orientation of th 
HindUl fragment 1 in the Hindlll site of pGV1 122 is 
determined by Sail digestion. Digestion (con- 
ditions according to O'Farrel ef aL, MoL Gen. 
Genet 179 (1980), 421—435) of recombinant plas- 
mids gives 2 fragments after agarose gel elec- 
trophoresis. In the a-orientation there are frag- 
ments of 0.77 kb and 22.76 kb, whereas in the P- 
orientation there are fragments of 10.33 kb and 
13.20 kb. ,A recombinant plasmid with the a- 
prientatiort is used in subsequent cloning and 
called pGV1 168. 

A Bglll'Sa/l fragment containing the left part of 
the TL-DNA (including the left border sequence) is 
introduced in pGV1168. cut with BgJM-San. This 
fragment is obtained from the recombinant plas- 
mid pGV0153 (De Vos ef aL, Plasmid 6 (1981), 
249 — 253), containing BamHl fragment 8, from 
the T-region of pTiB6S3, inserted in the v ctor 
pBR322. pGV0153 and pGV 1 1 68 DNA is pr pared 
according to Betlach ef aL {Fed. Proc. 35 (1976), 
2037—2d43). Ten pg of pGV0~ o 2 DNA are com- 
pletely digested with 10 units of Bg$'\ and 10 units 
of Sail for 1 hour at 37°C in final volt me of 100 pi. 
The digestion mixture is loaded on a preparativ 
0.8% agarose gel. The 2.14 kb BfgU-Sa/l fragment 
is recovered from this gel by electroelution as 
described by Ail ing ton et at.'. Anal. Biochim. 85 
(1978), 188— 196. Two ug of pG V1 168 DNA are 
totally digested by 2 units of Bglll and 2 units of 
Sail. One tenth ug of BgllUSaA fragment DNA is 
ligated to 0.02 ug of BgAU-Salf-diQested pG V1 168 
with 0.02 units of T4 DNA ligase in a final volume 
of 20 ul. The ligation mixture is transformed into 
competent £. coli K514 hsr~ hsm* cells (Dagert 
and Erhlich, Gene 6 (1980) 23—28). Cells are 
plated on LB medium (Miller, Experiments in 
Molecular Genetics (1972), Cold Spring Harbor 
Laboratory, New York), supplemented with strep- 
tomycin (20 ugMi!) and spectinomycin (50 pg/ml). 

Microscale DNA preparations (Klein et aL, Plas- 
mid 3 (1980), 88 — 91) are performed from strep- 
tomycin-, and spectinomycin-resistant transfor- 
mants. Recombinant plasmids in which 2.14-kb- 
BgAl-SaA fragment is inserted in Bgfll-Saft- 
digested PGV1168 are identified by BgAl-Sall 
digestion, yielding 2 fragments of 2.14 kb anrJ 
21.82 kb. A plasmid with a digest pattern corre- 
sponding to these molecular weights (2.14 kb a nd 
21.82 kb) is used for further cloning and called 
pGV1171. A 12.65-kb-fragment from pGV1171 
contains the right and left TL-DNA border 
sequences (De Beuckeleer et aL, in Proceedings 
IVth International Conference on Plant Pathogenic 
Bacteria, M Rid6 (ed.) (1978), I.N.R.A., Angers, 
115 — 126), as w II as genes which permit 
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oncogenic proliferation {Leemans et at., EMBO J. 
(1982). 147—152). This Hind\\\ fragment is 
inserted into the plasmid pBR325 (Bolivar, Gene 4 
(1978), 121—136). pGV!171 and pBR325 are pre- 
pared according to Betlach et a/.. Fed. Proc. 35 5 
(1976), 2037—2043). Two ug of each ON A are 
totally digested with 2 units of Hind\\\ for 1 hour at 
37°C (incubation buffer is described by O-Farrell 
etat.. Mot. Gen. Genet. 179 (1980), 421— 435). One 
tenth ug of H/nd Ill-digested pGV1 171 is ligated to to 
0.05 Mg of pBR325, linearized with HindlU. with 
0.02 units T4 DNA ligase. Transformation of the 
ligation mixture in competent E. coti K514 hsr" 
hsm* is carried out as described by Dagert and 
Ehrlich, Gene 6 (1980), 23 — 28. Cells are plated on is 
LB medium (Miller, Experiments in Mo f ecu tar 
Genetics (1972), Cold Spring Harbor Laboratory, 
New York), supplemented with carbentcitlin (100 
"ug/ml). Carbenicillin-resistant clones are screened 
for sensitivity to tetracyline (10 |jtg/ml), due to 20 
insertional inactivation of the gene coding for 
tetracycline resistance (Bolivar, Gene 4 (1978) 
121—136). Carbehicillin-resistant and tetracyc- 
line-sensitive clones are physically characterized 
by restriction enzyme digestion of DNA pre- 25 
papred from these clones by the microscale tech- 
nique (Klein ef at., Plasmid 3 (1980), 8&-r91). 
BamH\ digestion gives 4 DNA fragments: in the a- 
orientation fragments of 0.98 kb, 4.71 kb, 5.98 kb, 
and 7.02 kb' are found whereas the p-orientation 30 
givs fragments of O.I99 kb, 4.71 kb, 1.71 kb, and 
11.20 kb. A recombinant plasmid corresponding 
to the q-orientation is obtained, called pGV700, 
and used for further experiments. 

pGV750 is derived from pGV700 by inserting a 35 
2.81 kb BamH\-Hpa\ fragment coding for kanamy- 
cm resistance, for a 3AS-kb-Bg/\\-Sma\ fragment, 
encoding functions essential for oncogenicity, 
internal to the TL-regibh inserted in pGWOO. The 
BamH\-Hpa\ fragment encoding kanamycin 40 
resistance is obtained from X::Tn5 (Berg ef a/., 
Proc. Natl. Acad. Sci. USA 72 (1975), 3268—3632). 
Preparation of X::Tn5 is as described (Miller, 
Experiments in Molecular Genetics (1972), Cold 
Spring Harbor Laboratory, New York). pGV700 45 
DNA is prepared according to Betlach et al.KFed. 
Proc. 35 (1976), 2037—2043). Two ug of pGWOO 
DNA are totally digested with 2 units of Bgf\ and 2 
units Sma\. Two ug of X::Tn5 DNA are totally 
digested with 2 units of BamHi and 2 units HpaU so 
One ug of BamH\-Hpa\ digested X::Tn5 is ligated 
to 0.2 ug Bgl\\'Sma\-6\gested (pGWOO with 0.5 
units of T4 DNA ligase in a final volume of 10 ul 
(conditions are as recommended by the manufac- 
turer). The ligation mixture is transformed in ss 
competent £. coti K514 hsr" hsr* cells (Dagert and 
Erhlich, Gene 6 (1980) (23-^-28). Cells are plated 
on LB medium (Miller, Experiments in Molecular 
Genetics (1972), Cold Spring Harbor Laboratory, 
New York), supplemented with carbenicillin (100 so 
ug/ml) and kanamycin (25 ug/ml). Cb R and Km n 
clones are physically characterized by restriction 
enzyme analysis of DNA prepared according to 
the microscale technique (Klein et at., Plasmid 3 
(1980), 88—91). Bgl\\IBamH\ double digests of this $5 



DNA gives 3 fragments of 3.94 kb. 5.89 kb. and 
8.09 kb, whereas Hind\\\ digests yields 3 frag- 
ments of 2.68 kb, 5.99 kb. and 9.25 kb. A plasmid 
showing these digestion patterns is called 
pGV750 and is illustrated schematically in Figure 
17. 

pGWOO and pGV750 are two differ nt inter- 
mediate cloning vectors which contain the left 
and right border sequences of TL-DNA of the 
octopine Ti plasmid pTiB6S3; in addition, th 
internal T-region is deleted to different extents in 
each of the two plasmids. pGV700 contains a 
shortened T-region with genetic information for 
octopine synthase (transcript 3), and 3 other 
products, 4, 6a, and 6b (see WHImitzer et at., 
EMBO J. 1 (1982), 139— 146, for a description of T- 
region products). The combination of th se three 
products (4, 6a, 6b) will cause shoot formation in 
transformed plants. pGV750 contains even less of 
the T-regfdn, i.e. only the octophine synthas 
gene. The information for products 4, 6a, and 6b 
has been substituted by the antibiotic r sistar^^ 
marker gene encoding kanamycin (neomycn% • 
resistance. 

pGV700 and pGV750 are examples of inter- 
mediate cloning vectors which can be used with 
acceptor TI plasmids of the B-type (see Fig. 8 and 
Example 3 below); these vectors are partially 
analogous to the one shown in Fig. 9 except that 
they do not contain a gene of interest. A g ne of 
interest can be easily inserted into these v ctors 
as they contain single restriction endo nuclease 
sites for cloning within their modified T-regions 
(see Figs. 14 and 15). 

Example 3 

Construction of acceptor Ti plasmid pGV2260 
(type B) 

Starting strains and plasmids: 

Agrobacterium tumefaciens rifampicin- resis- 
tant strain C58C1 and erythromycin-chloroam- 
phenicol-resistant strain C58C1, derived from 
wild-type Agrobacterium) 
Ti plasm?d=pGV2217 
Intermediate vector (Fig. 16)=pGV745 

The construction of theTi plasmid pGV2217 has 
been described in detail (Leemans et at., EMBO J. 
1 (1982), 147 — 152). It contains a deletion substitu- 
tion mutation of the entire TL-region of the 
octopine Ti plasmid: the BamH\ fragments 8, 30b, 
28, 17a and the left 3.76 kb BamH\-EcoB\ fragment 
of the BamH\ fragment 2 (De Vos ef at., Plasmid 6 
(1981), 249 — 253) have been substituted by an 
EcofW-BamYU fragment of pKC7 (Rao & Rogers, 
Gene 7 (1979), 79 — 82) which contains the apt 
(acetyl phosphotransferase) gene of Tn5. This 
gene codes for resistance to the aminoglycos ides, 
neomycin and kanamycin. 

The construction of the intermediate vector 
pGV745 is represented schematically in Fig. 16 
and is described as follows. The recombinant 
plasmid pGV713 was derived from the octopine Ti 
plasmid subclone pGV0219 (De Vos etaL, Plasmid 
6 (1981), 249 — 253), containing Hind\\\ fragments 
14, 18c, 22e and 38c in a-orientation. pGV0219 
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DNA was digested to completion with BamH\ and 
subsequently ligated under conditions which 
favour self ligation of the plasmid (final cone n- 
tration of DNA in ligation mixture <1 ug DNA/ml). 
Transformants were selected for ampicillin 
resistance, and physically characterized by 
restriction enzyme digestion. A clone, which no 
longer contains the 6.5 kb BamH\ fragment 
present in pGV0219, was isolated and called 
pGV713. This clone pGV713 was used in subse- 
quent cloning (see below). The recombinant plas- 
mid pGV738 was derived from pGV0120 (Oe VOs 
ef a/„ Plasmid 6 (1981), 249—253), containing 
BamH\ fragment 2. pGV0120 DNA was digested 
with EcoHX and self-ligated (as above for the 
construction of pGV713). Jransformants were 
selected for ampicillin resistance and analyzed by 
restriction enzyme digestion. A clone in which 
EcoRl fragments 20, 12, and a 2.95 kb £coRf 
fragment containing part of FcoRI fragment 19a 
and part of p8R322 were .deleted, was used in 
further cloning and called pG V738. This plasmid 
stiil contains a 5.65 kb EcoR\-BamH\ fragment 
from the right part of BamH\ fragment 2 (De Vos 
et at., Plasmid 6 (1981), 24S~ 253). 

Next, ,pG V713< DNA vyas digested with H/n6\\\ 
and BamH\ t , and the digest was applied onto a 
preparative agarose gel. After electrophoresis the 
2.30 kb MWdHI-£amH! fragment, contained within 
pC5V713,, was -purified by elect roelution (as 
described by AJJington et a/., AnaL.Biochem. 85 
(1975), 188 — 196). This fragment was ligated to 
pGV738, digested to completion with HindWl and 
BamHl. After transformation, ampicillin-resistant 
clones, were physically characterized by restric- 
tion enzyme digestion. For example, EcoH\-BamH\ 
digestion should give 2 fragments of respectively 
3.98 kb (^vector part) and 7.95 kb (-insert part). A 
recombinant plasmid with these characteristics 
was called pG V745 and used as intermediate 
vector lor the construction of the acceptor Ti 
plasmid pGV2260. 

The plasmid pGV745 contains a Col£1 -specific 
bom site in the pBR322 portion and can be 
mobilized from £ col i to Agrobacterium by using 
the helper plasmids He4drd^^ and pGJ28, as 
described tn example 1 (construction of the 
acceptor Ti plasmid pGV3850). 

pGV745 was mobilized to Agrobacterium strain 
C58C1 which is rifampicin-resistant and contains 
the T# plasmid pGV2217. The first cross-over 
event was selected by using the ampicillin 
resistance of pBR322 in the same way as 
described in Example 1 (the construction of the 
acceptor Ti plasmid pG V3850). By a second cross- 
over event the deletion substitution mutation 
present in pGV2217 is replaced by the pBR322 
sequences of the plasmid pGV745. Second 
recombinants were picked up by directly screen- 
ing the ampicil/rn-resistant transconjugants, 
which resulted from cointeg ration of pGV745 with 
pGV2217, for th loss of kanamycin resistance. In 
this way, c rifampicin Agrobacterium strain 
C58C1, containing pGV2260 (ampicillin-resistant, 
kanamycin-s nsitive), was obtain d. 



This Ti plasmid pGV2260 will be used as an 
acceptor plasmid (type 8) for intermediate clon- 
ing vectors of the pGWOO- or pGV750-type. These 
are composed of (i) a DNA fragment carrying the 
5 ampicillin resistance gene, the rigin of replica- 
tion and the bom site of pBR322; (ii) a DNA 
fragment containing the left and right border 
sequences of the TL-DNA, and an additional 
resistance marker to those already present on 
io pBR322, which will enable the genetic selection 
for the transfer of the intermediate cloning vector 
from £. coli to Agrobacterium as well as for its 
cointegration in the acceptor 71 plasmid pGV2260. 
For example, we have been able to show that 
/5 Agrobacterium carrying a cointegrate between 
pGV2260 and pGWOO is capable of transferring 
the expected DNA sequences (those contained 
between the, T-DNA borders) to plant cell 
genome. The transformed plant cells exhibit the 
20 expected pnenotype i.e. tumors which produc 
shoots, given that pGWOO contains the genetic 
information for three products (4, 6a, 6b; see 
Willmitzer et a/., EMBO J. 1 (1982), 139—146). In 
this manner we have shown that an acceptor Ti 
25 plasmid of the B-Type is capable of transferring 
DNA to plant cells when used as a cointegrat 
with an intermediate cloning vector, of the type 
illustrated in Fig. 9 and given in example 2. 

30 . Example 4 

Construction of an intermediate cloning vector 
containing a gene to be expressed in plants 

Until the present invention, insertion of who I 
genes into more or less random positions within 

35 the T-region of Ti plasmids has not result d in 
expression of the ( foreign sequence following 
transfer to the plant genome. According to th 
process of this invention, the coding region of 
(any) foreign gene(s) of interest is linked to 

40 transcriptional initiation and termination signals 
which are known to be functional in the plant cell. 
The usefulness of this approach is demonstrated 
according to the present invention by experi- 
ments involving the DNA sequences encoding the 

45 nopaline synthase gene. The entire sequence of 
this gene and the exact start and stop of transcrip- 
tion are known (Depicker et ah, J. Mo I, Appf, 
Genet. 1 (1982), 561 — 574). According to the 
present invention, the protein-coding region of 

50 any foreign gene can be inserted adjacent to the 
nos promoter. As an example of a foreign gene 
sequence, the coding region of the octopine 
synthase gene (De Greve et aL, J. MoL AppL 
Genet. 1 (1982), 499 — 512) is inserted adjacent to 
55 the nos promoter. This construction is mobilized 
into an acceptor Ti plasmid and used to infect 
plants. The resulting tumor tissue is assayed for 
the presence of octopine, and is found to be 
positive. 

60 The construction of the intermediate cloning 

vector containing the chimeric nopaline pro- 
moter: octopine synthase structural gene is 
shown and described in Figur s 18 to 20. 

Bri fly, the r striction fragment /V/r?dlll-23 con- 

55 taining th nos gen is engin ered in vitro to 



15 



27 



EP 0 116 718 B1 



28 



remove most of the nos coding sequence, and 
retain the nos promoter adjacent to the restriction 
endonuclease sit BamHX (Fig. 18). Ten ug of 
pGV0422 (a pBR322 derivative carrying the Hin- 
dlll-23 fragment which contains the compfet nos 
gene; Depicker et at.. Plasmid (1980), 193 — 211) 
are digested with Sau3A and the 350 bp fragment 
carrying the nos promoter is isolated from a 
preparative 5% polyacrylamide gel. The promoter 
fragment is ligated to Bg/M-cu\ pKC7 (Rao et a/.. 
Gene 7 (1979), 79 — 82) previously treated with 
bacterial alkaline phosphatase (BAP) to remove 
5' -terminal phosphate groups. Twenty pg of the 
resulting plasmid (pLGV13) are digested with 
Bgl\\ and treated with 7 units of the Zte/31 exonuc- 
lease (Biolabs, New England) for 4 — 10 minutes in 
400 ut of 12 mM MgCI„ 12 mM CaCI 2 , 0.6 M NaCI, 
1 mM EDTA, and 20 mM Tris-HCI, pH 8.0, at 30°C. 
During this time approximately 20-^-50 bp of DNA 
are removed. The Sa/31-tfeated molecules are 
digested with BamHX, and incubated with the 
Klenow fragment of DNA polymerase and all four 
deoxynucfeoside triphosphates (at 10 mM each) 
to fill in the ends. Plasmids are screened for a 
regenerated BamHX site derived from the ligation 
of a filied-in Bam HI end and the end of the £?a/31 
deletion. The sizes of the BamHUSacl\ fragment of 
several candidates are estimated in a 6% urea- 
polyacrylamide gel, and the nucleotide sequences 
of the candidates with sizes ranging between 
200 — 280 nucleotides are determined. The clone 
pLGV81 containing the Sacii-BamHX fragment of 
203 bp carrying the promoter is used to substitute 
the SacXX-BamHl fragment in the nos gene in 
pGV0422; the final promoter vector is called 
pLGV2381. AH the recombinant plasmids are 
selected by transformation of the £1 coli strain 
HB101. 

The plasmid vector containing the engineered 
nos promoter is digested with BamHX and the 
coding sequence for ocs which is contained on a 
BamH\ fragment is inserted into this site. The ocs 
coding sequence is also engineered in vitro to be 
bracketed by the BamHX restriction endonuclease 
site as described in Fig. 19. Ten ug of BarnH) 
fragment 17a of the octopine Ti plasmid B6S3 (De 
Vos et aL. Plasmid 6 (1981), 249—253) are 
digested with BamHX and Sma\, the fragment 
containing the oc5-coding sequence isolated from 
a 1% agarose gel, and ligated to the large BamHX- 
PvuM fragment of pBR322; 20 ug of the resulting 
plasmid, pAGV828, is digested with BamH\. 
treated with the exonuclease 5a/31 as described 
in Figure 18, subsequently digested with Hind\\\, 
and the ends are filled-in and self-ligated. The 
sizes of the £a/31 deletions are estimated in a 6% 
polyacrylamide gel. The nucleotide sequences of 
several candidates are determined, and a candi- 
date having only 1 bp remaining of the 5'- 
untranslated leader sequence is chosen for fur- 
ther work (pOCSA). In order to bracket the ocs 
sequenc with BamH\ sites, the C/a\~Rsa\ frag- 
ment is filled-in and subcloned into the BafX site of 
pLC236 (Remaut et aL Gene 15 (1981), 81—93). 
The resulting plasmid pAGV40 i? digested with 



BamH\. the fragment carrying the ocs sequence 
isolated by electroelution from a pr parative 1 % 
agarose g I. and ligated to pLGV2381 previously 
cut with BamHX. and treated with BAP (bacterial 
s alkalin phosphatase). The insertion of the ocs 
sequence in pLGV2381 is obtainebhin both orien- 
tations (pNO-1 and pNO-2). 

The nucleotide sequences showing the exact 
junction point in the nos:ocs fusion are shown in 
ro Fig. 20. 

Further, the plasmid vector containing the 
engineered nos promoter is used to insert DNA 
from the plasmid R67 which encodes the enzyme 
dihydrofolate reductase. The coding sequence 
is containing the dihydrofolate reductase gene is 
contained on a BmaHX fragment as described 
(O'Hare et a/., Proc. NatL Acad. Sci. USA 78 (1 981 ), 
1527—1531), and thus is easily inserted into th 
nos promoter vector containing the BamHX site 
20 adjacent to the promoter region as described 
above. This gene Is an example of a selectable, 
marker gene (see for example Figs. 2, 3, 4, 5, and^ 
7) since when expressed it provides resistance to 
the antibiotic methotrexate. When this inter- 
ns mediate cloning vector is mobilized into an 
Agrobacterium containing a wild-type nopaline 
acceptor Ti plasmid, a single cross-over vent 
occurs and a hybrid Ti plasmid vector is obtained. 
The vector composition is used to infect plants. 
30 The resulting tumdr tissue is found to be capabl 
of sustained growth in the presence of 0.5 ug/ml 
methotrexate. 

The construction of the intermediate cloning 
vectors containing the ocs and dihydrofolat 
35 reductase coding regions behind the nos pro- 
moter described above, and their transfer and 
expression in transformed plant cells following 
cointegration with the Ti plasmid of Agrobac- 
terium provides evidence that foreign genes can 
40 be transferred and expressed in plant cells 
according to the processes of this invention. 

Example 5. 

Isolation of plant cells and plants containing the 
45 desired gene(s) inserted in their chromosomes 

We have obtained plant cells and whole plants 
transformed with non-ohcogenic acceptor Ti plas- 
mid derivatives (e.g. pGV3850) using any of the 
following three methods: 
so (1 ) inoculation in vivo of whole plants followed 

by subsequent culture in vitro on media which 
allow the regeneration of shoots; 

(2) coinfection in vivo of whole plants in the 
presence of other Agrobacteria strains which 

55 directly induce shoots at the wound site; 

(3) cocultivation in vitro of single plant cell 
protoplasts. 

We will describe each of these methods below. 
The first method is based on a modification of 
so methods normally used to obtain infection of 
whole plant tissues with wild-type Agrobacterium 
strains which r suits in the production of crown 
gall tissu s. Since pGV3850 is a non tumor- 
producing (non-oncogenic) Agrobacterium 
65 derivativ , no tumorous growth is observed at th e 
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infected site. Howev r, if the infected tissue is 
remov d and propagated in tissue cultur , trans- 
formed tissues can easily be obtained. After an 
initial culture period (simply to incr as the mass 
of the tissue) the wound site tissue is grown s 
under conditions which allow shoots to form. 
Both untransformed and pGV3850-transformed 
cells will produce shoots. The transformed shoots 
can easily be distinguished by a simple assay for 
the presence of nopaline. w 

We have obtained pGV3850-transformed calli 
and shoots derived from decapitated tobacco 
plantlets.of Nicotiana tabacum Wisconsin 38 
using the following protocol (all manipulations 
are done under sterile conditions in a laminar is 
flow hood). 

(1) Use 6-week old tobacco seedlings grown in 
small jars (10 cm diameterxlO cm height) on 
solid Murashige & Skoog (MS) medium 
(Murashige and Skoog. Physiol. Plant 15 (1962) 20 

^ 473—497) containing 0.jB% agar. 

3r:f| (2) Remove youngest top leaves with a scalpel 

and discard.. 

(3) Inoculate wound surface with a spatula or 
toothpick containing Agrobacten'um derived from 2s 
a fresh plate culture grown under ^elective con* 
ditions (e.g. for the rifampicin-resistant. ampicillin 
resistant Agrobacterium strain containing Ti pi as- 
mid pGV3850, YE EJ medium containing 100 ug/ml 
rifampicin and 100 ug/ml carbenidjlin are used; 30 
YEB medium: 5, g/l Bacto beef extract, 1 g/l Bacto 
yeast extract, 5 g/l peptone, 5 g/l sucrose, 2 x 1 0~ 3 

M MgSo 4 , pH 7.2, and 15 g/l agar), Inoculate at 
least 8 plantlets for each pGV3850 construction. 

(4) Incubate 2 weeks; there should be little or no as 
response at the site of inoculation; sometimes 

very tiny calli appear. 

(5) Remove a thin section less than 1 mm thick 
from the wound surface. 

Incubate wound surface on a plate containing *o 
Linsmaier & Skoog (LS) agar medium (Linsmaier 
and Skoog, Physiol. Plant 18 (1965) 100—127) 
with auxins and cytokinins (1 rng/l NAA, 0.2 mg/1 
BAP) and 1% sucrose. 

(6) After about 6 weeks callus should be large <s 
enough, about 5 mm diameter at least, to test a 
portion for the presence of nopaline. Not all 
wound calli produce nopaline; approximately one 

in four plants produce a nopaline-positive wound 
callus- so 

(7) Transfer nopaline-positive calli to agar 
plates containing regeneration medium: LS 
medium as above +1% sucrose and 1 mg/l BAP 
cytokinin. 

(8) Good-sized shoots (1 cm high) appear after ss 
about 4 — 6 weeks. Transfer the shoots to fresh 

agar plates containing LS medium +1% sucrose 
without hormones to allow further growth and 
root formation. 

(9) Let shoots grow 1 or 2 weeks such that a 60 
portion (one or two small leaves) can be removed 

to test for the presence of nopaline. 

(10) Transfer nopaline-positive shoots to larger 
v ssels (10 cm jars as above containing MS 

m dium as in (1) to grow further. 55 



N.B. AM plant culture media for infected tissues 
contain 500 ug/ml of the antibiotic cefotaxim 
(Claforan 9 , Hoechst) as a selection against 
Agrobacterium containing pGV3850. This drug 
works well to prevent growth of alt Agrobacteria 
(including those which are carbeniciltin-resistant). 

Another method to obtain transformed and 
shooting tissues has been recently developed in 
our laboratory. This method is based on the 
observation that certain mutant Ti plasmid strains 
of Agrobacterium induce crown gall tumors 
which produce shoots. Such, shoot-inducing ishi) 
mutants map to a particular region of the T-DNA 
(transferred DNA segment) of the Ti plasmids of 
A tumefaciens (Leernans et a/. # £Af80 J. 1 (1982) 
147—152; Joos eiaL Cell 22 (1983) 1057—1067). 
Often the induced shoots are composed of com- 
pletely , normal untransformed cells. Thus, we 
tried to inoculate , plants with a mixture of two 
different Agrobacteria, one carrying anoctopme Ti 
plasmid shooter mutant and the other carrying 
pGV3850. In this mariner, there is a good chance 
that the octopine shooter mutation can induce 
shoots which have been transformed with 
pGV*3850. VVe have inoculated plants with 
Agrobacterium containing Ti plasmid pGV3850 
and an octopine shoot inducing Ti plasmid in a 
5:1 ratio. In this way we have obtained pGV3850- 
transformed shoots; these shoots are easily 
screened by assaying for the presence of 
nopaline. This method avoids the need for any 
elaborate tissue culture methods. The nopaline- 
positive shoots. are transferred to media contain- 
ing simple salts , and sugar with any growth- 
regulating hormones to allow further growth. 
After the shoots have reached a . sufficient size 
they can easily be transferred to soil for propa- 
gation. This coinfection procedure should be par- 
ticularly useful for transforming plant speci s 
which are not readily amenable to tissue culture. 
Thus, a whole range of agronomically and 
economically important plants, such as legumes, 
medicinal plants, and ornamentals will be able to 
be engineered by Agrobacterium. 

The third procedure allows the isolation of 
Nicotiana tabacum protoplasts and the selection 
of hormone-independent T-DNA-tra-jformed cell 
clones after co-cultivation of the protoplast- 
derived cells with oncogenic Agrobacterium 
strains. An analogous technique can be used for 
the selection of transformed cells when other 
dominant selective markers are used, such as 
antibiotic resistance genes constructed in such a 
way as to be expressed in higher plant cells (see 
Example 3). 

In this case, however, the conditions for selec- 
tion have to be optimized in each case (concen- 
tration of the selective agent, time between trans- 
formation and selection, concentration of the 
protoplast-derived cells or cell colonies in the 
selective medium). If no selection for the trans- 
formed cells is possible, e.g. becaus avirulent T- 
DNA mutants ar used, such as e.g. pGV3850 or 
pGV2217 (Leernans et al, EMBO J. 1 (1982). 
147 — 152), it is possible to cultivate the cells after 
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genetic transformation on auxin- and cytokinin- 
containing medium (e.g. Murashige and Skoog 
medium (Murashige and Skoog, Physiol. Plant 15 
(1962), 473—497) with 2 mg/litre NAA (a-naph- 
thalene acetic acid) and 0.3 mg/litre kinetin). and 
to identify the transformed colonies by their opine 
content. In this way, after electrophoretic analysis 
for agropine and mannopine synthesis (method 
see Leemans era/., J MoL Appl. Genet 1 (1981), 
149 — 164) about 660 colonies can be found, 
obtained after infection with pGV2217, a 
Nicofiaria tabacum SR1 cell line which synth- 
esizes the TR-encoded opine mannopine (N 2 -(1- 
mannityU-glutamine). Numerous shoots are 
formed after incubation of callus pieces of this cell 
line on regeneration medium (Murashige and 
Skoog medium with BAP (6-benzylaminopurine) 
(1 mg/litre) as the sole plant growth regulator). All 
20 shoots analysed are still able to synthesize 
mannopine. After transfer onto hormone-free 
Murashige and Skoog medium, the shoots grow 
as morphologically normal tobacco plants still 
containing mannopine. 

The protoplast isolation and transformation 
described here for N. tabacum can also be used 
for N. plumbaginifblia. 

2. Experimental procedures 

2.1 Shoot culture conditions 

Nicotiana tabacum shoot cultures are main- 
tained in 250 ml glass jars oh hormone-free 
Murashige and Skoog medium (Murashige and 
Skoog, Physiol. Plant 15 (1962), 473—497) under 
sterile conditions in a culture room (16 hour day, 
1500 lux white fluorescent light ("ACEC LF 58 W/2 
4300°K Economy"), 24°C. 70% relative humidity). 
Five week old shoot cultures are used for proto- 
plast isolation, 

2.2 Protoplast isolation 

Aseptic techniques are used for all steps in 
protoplast isolation and culture. The protoplasts 
are isolated by a mixed enzyme procedure. All 
leaves, except for very young leaves smaller than 
2 cm, can be used for protoplast isolation. The 
leaves are cut in strips, about 2 — 3 mm wide, with 
a sharp scalpel knife. Two to three grams of leaf 
material is incubated 18 hours at 24°C in 50 ml 
enzyme mixture in the dark without agitation. The 
enzyme mixture consists of 0.5% ceHuIase 
Onozuka R-10 and 0.2% macerozyme Onozuka R- 
10 in hormone-free K3 medium (Nagy and Maitga, 
Z. Pflanzenphysiol. 78 (1976), 453—455). The mix- 
ture is filter-sterilized through a 0.22 um pore 
membrane, and can be stored for at least 6 
months at -20°C without notable loss of activity. 

2.3 Protoplast culture 

After 18 hours incubation the mixture is agi- 
tated gently in order to release the protoplasts. 
The mixture is subsequently filtered through a 50 
um sieve, and th filtrate is transferred to 10 ml 
centrifuge tubes. After c ntrifugation for 6 
minutes at 60 — 80 g in a swinging bucket rotor the 
protoplasts form a dark green floating band. The 



liquid underlying the pr toplasts, and the debris 
which forms the pellet, are remov d using a 
capillary tube connected to a peristaltic pump. 
The protoplasts are pooled In one tube and 

5 washed 2 times with culture medium. The culture 
medium is the K3 medium (Nagy and Maliga, Z. 
Pflanzenphysiol. 78 (1976), 453 — 455) with NAA 
(0.1 mg/litre) and kinetin (0.2 mg/litre) as growth 
regulators. The medium is adjusted to pH 5.6 and 

so sterilized through 0:22 um filter membrane. After 
the second wash, the protoplasts are counted 
using a Thoma hemacytometer (obtained from 
"Assistant", F.R.G.), and resuspended in culture 
medium at a final density of 10 5 protoplasts/ml. 

ts The protoplasts are cultured in a volume of 10 ml 
per 9 cm diameter tissue culture quality p tri dish. 
The dishes are sealed with Parafilm and incu- 
bated for 24 hours in the dark, and thereaft r in 
dim light (500—1000 lux) at 24°C. 

20 

2.4 Transformation by co-cultivation 

The protoplast cultures are infected 5 days aft£#$ 
isolation. Agrobacterium cultures are grown for 
18 hours in liquid LB medium (Miller, Ex peri- 

25 ments in Molecular Genetics (1972), Cold Spring 
Ha rbdr Laboratory; New York), and resusp nded 
in K3 culture medium at a density of 2x10 9 cells/ 
ml. Fifty ul of this suspension is added to the plant 
protoplast cultures and after sealing with Para- 

30 film*, the cultures are incubated under the same 
conditions as described under 2.3. After 48 hours 
the cultures are transferred to 10 ml centrifuge 
tubes and centrifuged in a swinging bucket rotor 
at 60 — 80 g for 6 minutes. The floating band and 

35 pellet are pooled and resuspended in 10 ml of K3 
medium (Nagy and Maliga, Z. Pflanzenphysiol. 78 
(1976), 453 — 455) supplemented with an antibiotic 
(carbenicillin 1000 pg/ml or cefotaxime 500 ug/ 
ml). 

40 After two weeks of incubation, the protoplast- 

derived micro-calli are centrifuged and resus- 
pended in K3 medium (Nagy and Maliga, Z. 
Pflanzenphysiol. 78 (1976), 453—455) with the 
same growth regulator and antibiotic concen- 

45 trations as before, but 0.3 M sucrose instead of 0.4 
M. The cell density in this medium is adjusted to 
about 2 5x10 3 micro-calli per ml. 

After two weeks of incubation under the same 
conditions the calli are transferred to K3 medium 

50 with the same antibiotic concentrations as before, 
but with reduced sucrose (0.2 M) and growth 
regulators (NAA 0.01 mg/litre and kinetin 0.02 mg/ 
litre). 

After two to three weeks of incubation, the 
55 putative transformants can be recognized by their 
light green and compact aspect, and better 
growth. These colonies are then transferred to 
hormone-free Linsmaier and Skoog medium 
(Linsmaier and Skoog, Physiol. Plant. 18 (1965), 
60 100 — 127), solified with 0.6% agar and contafning 
reduced antibiotic concentrations (carbenicillin 
500 ug/ml or cefotaxime 250 ug/ml). 

Opin t sts can be done on the putative trans- 
formants which grow on this hormone-free 
65 medium when they reach 3 — 4 mm in diameter. 
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Half of each colony is used for the det ction of 
octopine and nopalin (Aerts et aL Plant Set. Lett. 
17 (1979), 43 — 50) or agropine and mannopine 
(Leemans et a/., J. Mot. AppL Genet. 1 (1981 J, 
149 — 164). This test allows to confirm the trans- 5 
formed nature of the colonies selected on hor- 
mone-free medium. Afterwards, the selected col- 
onies can be cultured on antibiotic-free medium. 

2.5 Co-cultivation without selection on hormone- to 
free media 

When selection for transformed cells is not 
possible (e.g. because avirulent T-DNA mutants 
are used) or is not required because a dominant 
selectable marker such as an antibiotics is 
resistance gene is present in the T-DNA, the 
treatment of the protoplast-derived cells can be 
simplified (the hormone reduction steps are no 
longer necessary). The protoplasts are treated as 
described previously until the infection step. 20 
Forty-eight hours after addition of the bacteria the 
protoplast-deriyed cells are centrifuged (6 
minutes, 60—80 g), and resuspended in medium 
AG (Caboche, Pfanta 149 (1980), 7—18) which is 
able to support cell, growth at very low density. 25 
The cells are counted. using a Fuchs-Rosenthal 
counting chamber (obtained frorW "Assistant", 
F.R.G.), and resuspended at the density required 
for subsequent work. If the colonies must be 
manipulated individually for opine tests, plating 30 
at low cell density (100 protoplasuderived cells 
and cell colonies per ml) gives large cell colonies 
after one month of incubation, if drug selection 
for the transformed ceils is possible, the cells are 
incubated at a higher density 00 3 — lOVml). and 35 
the selective agent used is added to the medium 
in a concentration and at a time which has to be 
optimized for each type of selection. 

2.6 Regeneration of whole plant from callous 40 
tissue 

Normal plants are easily obtained from callous 
tissue (for example either derived from protoplast 
transformation or from whole plant inoculation 
(see 2.7). The callous tissue is grown on 45 
Murashige and Skoog medium containing 1 mg/ 
ml BAP; this medium induces shoot formation 
after 1 — 2 months. These shoots can be trans- 
ferred to medium without hormones so that roots 
form and a complete plant is produced. so 

2.7 Tumor induction on tobacco seedlings 

Tobacco seeds (e.g. cultivar Wisconsin 38) are 
surface sterilized by treatment with: 70% dena- 
tured ethano(/H 2 0 for 2 minutes; followed by 10% 55 
commercial bleach and 0.1% sodium dodecyl 
sulfate (SDS); further rinsed 5 times with sterile 
H 2 0. 

The sterile seeds are sown in large (25 mm 
wide) test tubes containing the salts of Murashige so 
and Skoog medium solidified with 0.7% agar and 
covered with polycarbonate tops. Then the tubes 
ar incubated in cultur room (12,000 lux, 16 
hours light/8 hours dark; 70% relativ humidity; 
24°C). After 4 — 6 weeks th plants are ready to €5 



use. They remain optimal for at least another 
month. 

Plantlets should be at feast 3 cm high and have 
four or more leaves. The plants are then d capi- 
tal d transversally through the youngest inter- 
node with a new sterile scalpel blade; the upper 
part of the plant removed from the tube, and 
bacteria from ah agar plate culture applied on the 
wound surface with a flamed microspatuJa. 

Tumors appear after 2 weeks for the wild-type 
and after a longer time for some of the attenuated 
mutant strains. This method is used to inoculate 
tobacco (Nicotiana tabacum), Nicotiana plum- 
bag inif of ia and Petunia hybrida. 

Concluding remarks 

The present invention offers for the first time 
the possibility to transform plants with Agrobac- 
terium harboring a hybrid Ti plasmid vector 
which lacks the oncogenic functions of the T- 
region of wild-type Ti plasmids. Since the 
influence of the oncogenic functions of the T- 
region on the transfer of DNA from the Ti plasmid 
to plant cells was not known, it is surprising that 
nevertheless transfer of the modified T-region 
containing (a) gene(s) of interest to plant cells 
occurs. There is cointegration and stable main* 
tenance of this transferred DNA in the plant c If 
genome. Furthermore, expression of chosen 
gene(s) of interest can be achieved provided the 
gene(s) either contain— or are constructed to con- 
tain — suitable promoter sequences. The concept 
of effecting a single cross-over event between an 
intermediate cloning vector containing th 
chosen gene(s) of interest with ah especially 
designed acceptor Ti plasmid greatly simplifi s 
the construction of any hybrid Ti plasmid vector 
useful for the transformation of plant cells. The 
especially designed acceptor Ti plasmids contain 
the DNA segment of a conventional cloning 
vehicle such that any gene(s) of interest (which 
has been inserted into the same or a related 
cloning vehicle as part of an intermediate cloning 
vector) can form a cointegrate by a single cross- 
over event. The two segments of the cloning 
vehicle(s) provide the necessary regions of 
homology for recombination. 

Microorganisms and intermediate cloning vec- 
tors, acceptor Ti plasmids and hybrid plasmid 
vectors prepared by the processes of this inven- 
tion are exemplified by cultures deposited in the 
German Collection of Microorganisms (DSM), 
Gdttingen, on December 21st, 1983, and identified 
there as; 

(1) intermediate vector plasmid pAcgB in 
Escherichia coli K12 HB101; 

(2) Agrobacterium tumefaciens C58C1 rifampi- 
cin-resistant strain carrying carbenicillin-resistant 
acceptor Ti plasmid pGV3850; 

(3) intermediate vector plasmid pGV700 in 
Escherichia coli K12 strain K514 (thr leu thi lac 
hsdH); 

(4) intermediat vector plasmid pGV750 in 
Escherichia coli K12 strain K514 (as above in (3)); 

(5) Agrobacterium tumefaciens C58C1 rifampi- 
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cirwesistant strain carrying carbenicillin-resistant 
acceptor Ti plasmid pGV2260; 

(6) intermediat vect r ptasmid pNO-1 carrying 
the octopine synthase c ding regi n under the 
control of the nopal in e promoter, in Escherichia 
coiiKU HB101; 

(7) strain used in mobilization of intermediate 
vectors to Agrobacterium^ GJ23 carrying mobiliz- 
ing ptasmids pGJ28 and R64drrt1 (Van Haute et 
aL. EMBO J. 2 0983). 4T1— 418); GJ23 is 
Escherichia coh' KW. JC2926, a rec A derivative of 
AB1157 (Howard-Flanders et a/. e Genetics 49 
(1964), 237—246). 

These cultures were assigned accession num- 
bers ... 2792 ... (IK ... 2798 ... (2). ... 2796 ... (3). ... 
2797 ... (4), ... 2799 ... (5). ... 2833 ... (6), and .. . 2793 
... (7), respectively. 

While we have hereinbefore presented a 
number of embodiments of this invention. It is 
apparent that our basic constructions can be 
altered to provide other embodiments which 
utilize the processes and compositions of this 
invention. 

Claims 

1. An acceptor Tj plasmid which is substantially 
free of internal T-DNA sequences of a wild-type Ti 
plasmid and incapable of inducing tumors in 
plants comprising: 

(a) the two border sequences (1; 2) of the T- 
region of a wild-type Ti plasmid; 

(b) a DNA sequence (3) derived from a cloning 
vehicle, located between the two border 
sequences, and containing a DNA sequence which 
is homologous with at least a part of a DNA 
sequence in an intermediate cloning vector per- 
mitting a single cross-over event; and 

<c) ^5iiA segment (4) of a wilcMype Ti plasmid 
containing PN.A$equence$^^|r^flior the trans- 
fer by Agrobacterium of the Tnregion of wild-type 
Ti plasm ids into plant cell genomes. 
- 2. An acceptor TT plasmid which is incapable of 
inducing tumors in plants being free of border 
sequences and internal T-ONA sequences of a 
wild-type Ti plasmid comprising 

(a) a DNA segment (4) of a wild-type Ti plasmid 
without the T-region and without the two border 
sequences of the T-region; and 

Ub) a DNA sequence. J3) derived Jrom a cloning 
vehicle which is homologous with at least a part of 
a DNA sequence of an intermediate cloning vector 
which contains the two border sequences of the T- 
region of a wild-type Ti plasmid. 

3. The acceptor Ti plasmid according to Claim 2 
which is pGV2260, DSM 2799. 

4. A vector combination consisting of an accep- 
tor Ti plasmid according to Claim 1 and an 
intermediate cloning vector, said cloning vector 
comprising 

(a) at least one gene of interest (5) under the 
control of a promoter capable of directing gene 
expression in plants; and 

lb) a cloning vehicle segment (3') containing a 
DNA sequence which is homologous with the DNA 



sequence (Claim 1 (b)l in th acceptor Ti plasmid 
according to Claim 1. 

5. The vector combination according to Claim 4, 
charact rized in that the intermediate cloning 

5 vector additionally contains at least one sel ctable 
marker gene, adjacent to the gene(s) of inter st (5). 

6. The vector combination according to Claim 4, 
characterized in that the gen*»?s) of interest (5) 
contained in the intermediate cloning v ctor is 

to (are) under the control of its (their) natural pro- 
moter. 

7. The vector combination according to Claim 4, 
characterized in that the gene(s) of interest (5) 
contained in the intermediate cloning vector is 

75 ' (are) under the control of a promoter which is 
exogenous with respect to the genets) of inter st. 

8. An intermediate cloning vector comprising 

(a) a cloning Vehicle segment (3') containing th 
two border sequences of the T-region of a wild- 

20 type Ti plasmid ( 1 ; 2) and a DNA sequence which is 

homologous with the DNA sequence (Claim 2(bJ^^ 
in the acceptor Ti plasmid according to Claim J$jp 
and 

(b) at least one gene of interest (5) under the 
25 control of a promoter capable of directing gen 

expression th plants located between th two 
border sequences in a manner allowing its inte- 
gration into the plant genome. 

9. The intermediate cloning vector according to 
30 Claim 8, containing additionally at least one select- 
able rnarker gene, adjacent to the gene(s) of 
interest (5). 

10. The intermediate cloning vector according to 
Claim 8, characterized in that the gene(s) of 

35 interest (5) is (are) under the control of its (their) 
natural promoter. 

1 1 . The intermediate cloning vector according to 
Claim 8, characterized in that the gen (s) of 
interest (5) is (are) under the control of a promoter 

40 which is exogenous with respect to the gene(s) of 
interest. 

' 12. The intermediate cloning vector according to 
Claim 8, which is pGV750, DSM 2797. 

13. A process for the preparation of a hybrid Ti 
45 plasmid which comprises* producing a vector 

combination according to any one of Claims 4 to 7 
in an Agrobacterium by mobilizing the inter- 
mediate cloning vector in the presence of helper 
plasmids to an Agrobacterium containing an 
so acceptor Ti plasmid according to Claim 1 and 
allowing a cointegration to proceed between the 
intermediate cloning vector and the acceptor Ti 
plasmid by a single cross-over event. 

14. A process for the preparation of a hybrid Ti 
55 plasmid which comprises mobilizing an inter- 
mediate cloning vector according to Claims 8 to 12 
in the presence of helper plasmids to an Agrobac- 
terium containing an acceptor Ti plasmid accord- 
ing to Claim 2 or 3 and allowing a cointegration to 

60 proceed between the intermediate cloning vector 
and the acceptor Ti plasmid by a single cross-over 
event. 

1 5. A hybrid Ti plasmid vector either between an 
acceptor Ti plasmid which is incapable of 

65 including tumors in plants comprising; 
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(a) th two border sequenc s (1; 2) of th T- 
region of a wild-type Ti plasmid; 

(b) a DNA sequence (3) devoid of the oncog nic 
functions of the wild-type T-DNA, deriv d from a 
cloning vehicle, located between the two border 
sequences, and containing a ONA sequence 
which is homologous with at least a part of a DNA 
sequence in an intermediate cloning vector per- 
mining a single cross-over event; and 

(c) a DNA segment (4) of the wild-type Ti 
plasmid containing ONA sequences essential for 
the tcaasfet by Agrobacterium of the T-region of 
wild-type Ti plasmids into plant cell genomes; 
and an intermediate cloning vector comprising 

(a*) at least one gene of interest (5) under the 
control of a promoter capable of directing gene 
expression in plants; and 

(b*) a cloning vehicle. segment (3') containing a 
DNA sequence which is homologous with the 
above DNA sequence (b) in the acceptor Ti plas- 
mid; or between an acceptor Ti plasmid compris- 
ing - 

(A) a DNA segment (4) of a wild-type Ti plasmid 
without the T-region and without the two border 
sequences of the T-reg ion; and 

(B) a DNA sequence (3) derived from a cloning 
vehicle which is homologous with at least a part 
of a DNA sequence of an intermediate cloning 
vector which contains the two border sequences 
of the T-region' of a wild-type Ti plasmid; and an 
intermediate cloning vector comprising 

(A') a cloning vehicle segment (3') containing 
the two border sequences of the T-region of a 
wild-type Ti plasmid (1; 2) and a DNA sequence 
which is homologous with the above DNA 
sequence (B) in the acceptor Tt plasmid; and 

{&') at least one gene of interest (5) under the 
control of a promoter capable of directing gene 
expression in plants located between the two 
border sequences in a manner allowing its inte- 
gration into the plant genome; comprising at 
least 

(a) the two border sequences (1; 2) of the T- 
region of a wild-type Ti plasmid; 

(P) non-oncogenic DNA sequences (3; 3') 
derived from a cloning vehicle; 

(y) a DNA segment (4) of the wild-type Ti 
plasmid containing DNA sequences essential for 
the transfer of the T-region of wild-type Ti plas- 
mids by Agrobacterium into plant cell genomes; 
and 

(6) at leat one gene of interest (5) under the 
control of a promoter capable of directing gene 
expression in plants which is located between the 
two border sequences (1; 2). 

16. The hybrid Ti plasmid vector according to 
Claim 15, containing additionally at least one 
selectable marker gene, adjacent to the gene(s) of 
interest (5). 

17. The hybrid Ti plasmid vector according to 
Claim 15, characterized in that the gene(s) of 
int rest (5) is (are) under th control of its (their) 
natural promoter. 

18. Th hybrid Ti plasmid v ct r according to 
Claim 15, characteriz d in that the gen (s) of 



interest (5) is (are) under the control of a promoter 
which is xogenous with respect to the gen (s) of 
interest. 

19. An Agrobactericm harboring a hybrid Ti 
5 . plasmid vector according to any one of Claims 1 5 

to 18, 

20. A process for preparing a transformed plant 
cell comprising the infection of plant cells with an 
Agrobacterium harboring a hybrid Ti plasmid 

io vector according to Claim 19. 

21. A process for the preparation of a plant 
comprising the steps of : 

(a) infecting a plant cell with an Agrobacterium 
according to Claim 19; and 
is <b) generating a plant from the transform d 

plant cells obtained in step (a). 

Patentanspruche 

20 1. Akzeptor-Ti-Plasmid. das im wesentlich n 

frei ist von internen T^DNA-Sequenzen eines 
Wildtyp-Ti-Plasmids und unf&higjst zur Induktion 
von Pflanzentumoren, enthaltend: 

a) die beiden Randsequenzen (1; 2) der T- 
2S Region eines Wildtyp-Ti-Plasmids; und 

b) eine DNA-Sequenz (3), die von einem Clonie- 
rungsvehikel abgeleitet isU zwischen den beid n 
Randsequenzen liegt. und eine DNA-Sequenz ent- 
halt, die homolog zu mindestens einem Teil einer 

30 DNA-Sequenz in einem intermedia ren Cfonie- 
rungsvektor ist, wodurch ein einzelnes Crossov r- 
Eretgnis ermoglicht wird; und 

c) ein .DNA-Segment (4) eines Wildtyp-Ti-Plas- 
mids, das DNA^Sequenzen enthalt, die wesentlich 

35 sind fur die Obertragung der T-Region von Wild- 
typ-Ti-Plasmiden durch Agrobacterium in Pflan- 
zenzell-Genome. 

2. Ak2eptor^Ti-Plasmid # das unfa nig ist zur 
Induktion von Tumpren in Pflanzen und k ine 

40 Randsequenzen und internen T«DNA-Sequenz n 
eines Wildtyp-Ti-Plasmids enthalt, enthaltend: 

a) ein DNA-Segment (4) eines Wildtyp-Ti-Plas- 
mids ohne die T-Region und ohne die beiden 
Randsequenzen der T-Region; und 

45 b) eine DNA-Sequenz (3), abgeleitet von einem 

Clonierungsvehikel, die homolog zu mindestens 
einem Teil einer DNA-Sequenz eines interm dia- 
ren Clonierungsvektors ist, der die beiden Rand- 
sequenzen der T-Region des Wildtyp-Ti-Plasmids 

so enthalt. 

3. Akzeptor-Ti-Plasmid nach Anspruch 2, das 
pGV2260, DSM 2799 ist. 

4. Vektor-Kombination, bestehend aus einem 
Akzeptor-Ti-Plasmid nach Anspruch 1 und einem 

55 intermediaren CJonierungsvektor, wobei der Clo- 
nierungsvektor die folgenden Elemente enthalt: 

a) mindestens ein gewunschtes Gen (5) unter 
der Kontrolle eines Promoters, der in der Lage ist, 
die Genexpression in Pflanzen zu steuern; und 

so b) ein Clonierungsvehikel-Segment (3'), 

enthaltend eine DNA-Sequenz, die zur DNA- 
S quenz (Anspruch 1 (b)) im Akzept r-Ti-Plasmid 
nach Anspruch 1 homolog ist. 

5. Vektor-Kombination nach Anspruch 4, 
65 dadurch gekennzeichn t. daB der intermedlare 
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Clonierungsvektor zusatzlich mindestens ein Gen 
eines s lektierbaren Markers benachbart zu dem 
(deni g wunscht n Gen(en) (5) nthalt. 

6. V ktor-Kombt nation nach Anspruch 4, 
dadurch gekennzeichnet, daG das (die) im inter- 5 
mediSren Clonierungsvektor enthaltene(n) 
gewunschte(n) Gen(e) (5) unter der Kontrolle 
seines (ihres) naturlichen Promoters steht (ste- 
hen). 

7. Vektor-Kombination nach Anspruch 4. to 
dadurch gekennzeichnet, daB das (die) im inter- 
mediaren Clonierungsvektor enthaltene(n) 
gewunschte(n) Gen(e) <5) unter der Kontrolle 
eines Promotors steht Istehen), der in Bezug auf 

das (die) gewunschte(n) Gen(e) exogen ist. is 

8. Intermediarer Clonierungsvektor, enthattend 
•) ein Clonierungsvehikef-Segment (3'). 

enthaltend die beiden Randsequemen der T- 
Region eines Wildtyp-Ti-Plasmids (1; 2) und eine 
DNA-Sequenz, die zur DNA-Sequenz (Anspruch 2 20 
(b)l im Akzeptor-Ti-Ptasmid nach Anspruch 2 
homolog ist; und 

b) mindestens ein gewunschtes Gen (5) unter 
der Kontrolle eines Promotors, der in der Lage ist. 
die Genexpression in Pflanzen zu steuern und das 25 
so zwischen den beiden Randsequenzen tiegt. 
da(s es in das Pflanzengenom integriert werden 
kann. 

9. Intermediarer Clonierungsvektor nach 
Anspruch 8, zusatzlich enthattend mindestens ein 30 
Gen fur einen se lektierbaren Marker, benachbart 

zu dem (den) gewunschten Gen(en) (5). 

10. Intermediarer Clonierungsvektor nach 
Anspruch 8. dadurch gekennzeichnet, da& das 

(die) gewunschte(n) Gen(e) (5) unter der Kontrolle as 
seines (ihres) naturlichen Promotors steht (ste- 
hen). 

■11. Intermediarer Clonierungsvektor nach 
Anspruch 8, dadurch gekennzeichnet, dad das 
(die) gewunschte(n) Gen(e) (5) unter der Kontrolle 40 
eines Promotors steht (stehen). der in Bezug auf 
das (die) gewunschte(n) Gen(e) exogen ist. 

12. Intermediarer Clonierungsvektor nach 
.Anspruch 8, der pGV750. OSM 2797 ist. 

13. Verfahren zur Herstellung eines Hybrid-Ti- 45 
Plasmids. bei dem man in Agrobacterium durch 
Mobtlisierung des intermediaren Clonierungsvek- 

tors in Gegenwart von Herlferplasmiden in ein 
Agrobacterium, das ein Akzeptor-Ti-Plasmid nach 
Anspruch 1 enthalt, eine Vektor-Kombination so 
nach einem der Anspruche 4 bis 7 hersteflt und 
eine Kointegration zwischen dem intermediaren 
Clonierungsvektor und dem Akzeptor-Ti-Plasmid 
durch ein einfaches Crossover-Ereignis ermdg- 
licht. 55 

14. Verfahren zur Herstellung eines Hybrid-Ti- 
Plasmids, bei dem man einen intermediaren Clo- 
nierungsvektor nach Anspruch 8 bis 12 in Gegen- 
wart von Helferplasmiden in ein Agrobacterium 
mobilisiert. das ein Akzeptor-Ti-Plasmid nach so 
Anspruch 2 oder 3 enthalt. und eine Kointegration 
zwischen dem intermediaren Cloni rungsvektor 

und dem Akzeptor-Ti-Plasmid durch ein einfaches 
Crossover-Ereignis ermoglicht. 

15. Hybrid-Ti-Plasmidvektor, entweder 65 
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zwischen einem Akzeptor-Ti-Plasmid, das unfarug 
ist zur Induktion von Pflanz ntumor n, enthalt nd 
a) die beiden Randsequenzen (1; 2) der T* 
R gion d s Wild-Typ-Ti-Plasmids; 

bl eine DNA-Sequenz (3) ohne die onkog nen 
Funklionen der Wildtyp-T-DNA, die von ein m 
Clonierungsvehike) abgelietet tst, zwischen den 
beiden Randsequenzen liegt. und eine DNA- 
Sequenz enthalt, die zu mindestens einem Teil 
einer DNA-Sequenz in einem intermediaren Clo- 
nierungsvektor homolog ist und ein einfaches 
Crossover-Ereignis ermdglicht; und 

c) ein DNA-Segment (4) des Wildtyp-Ti-Plas- 
mids, das DNA-Sequenzen enthalt, die wesentlich 
sind fur die Obertragung der T-Region des Wild- 
ryp-Ti-Plasmids durch Agrobacterium in Pflanzen- 
zellgenome; und einem intermediaren Clonie- 
rungsvektor enthaltend 

a') mindestens ein gewunschtes Gen (5) unt r 
der Kontrolle eines Promotors, der in der Lage ist, 
die Genexpression in Pflanzen zu steuern; und , m 
b') ein Clonierungsvehikel-Segment (3'), da^jj 
eine DNA-Sequenz enthalt, die homolog ist zud 
der obengenannten DNA-Sequenz (b) im Akz p- 
tor-Ti-Plasmid; Oder zwischen einem Akzeptor-Ti- 
Plasmid enthaltend 

(A) ein DNA-Segment (4) eines Wildtyp-Ti-Plas- 
mids ohne die T-Region und ohne die beiden 
Randsequenzen der T-Region; und 

(8) eine DNA-Sequenz (3) abgefeitet von einem 
Ctonierungsvehiket, die homolog ist zu minde- 
stens einem Teil einer DNA-Sequenz eines inter- 
mediaren Clonierungsvektors, der die b id n 
Randsequenzen der T-Region des Wildtyp-Ti- 
Plasmids enthalt; und einem intermediaren Clo- 
nierungsvektor enthaltend 

A') ein Clonierungsvehtkel-Segment (3'). das 
die beiden Randsequenzen der T-Region eines 
Wildtyp-Ti-Plasmids (1 ; 2) und eine DN A-Sequ nz 
enthalt, die zu der obengenannten DNA-Sequenz 
(B) im Akzeptor-Ti-Plasmid homolog ist, und 

8') mindestens ein gewunschtes Gen (5) unter 
der Kontrolle eines Promoters, der in der Lage ist. 
die Genexpression in Pflanzen zu steuern, das so ; 
zwischen den beiden Handsequenzen liegt, daG 
es in das Pflanzengenom integriert werden kann; 
enthattend mindestens 

(a) die beiden Randsequenzen (1; 2) der T- 
Region eines Wildtyp-Ti-Plasmids; 

(3) nicht-onkogene DNA-Sequenzen (3; 3 ) 
abgeleitet von einem Clonierungsvehikel; 

(Y) ein DNA-Segment (4) des Wildtyp-Ti-Plas- 
mids. das DNA-Sequenzen enthalt, die wesentlich 
sind fur die Obertragung der T-Region von Wild- 
typ-Ti-Pfasmiden durch Agrobacterium in Pflan- 
zenzellgenome; und 

(6) mindestens ein gewunschtes Gen (5) unter 
der Kontrolle eines Promotors, der in der Lage ist, 
die Genexpression in Pflanzen zu steuern, und 
das zwischen den beiden Randsequenzen (1; 2) 
liegt. 

16. Hybrid-Ti-Plasmidvektor nach Anspruch 15, 
zusatzlich enthaltend mindestens ein Gen fur 
einen selektierbaren Marker, das benachbart zu 
dem (den) gewunschten Gen(en) (5) liegt. 
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17. Hybrid-Ti-Plasmidvektor nach Anspruch 15. 
dadurch gekennzeichn t, dad das (die) 
gewunschte(n) Gen(e) (5) unter der K ntrotl 
seines (ihres) naturlichen Promotors steht (ste- 
hen). 5 

18. Hybrid-Ti*Plasmidvektor nach Anspruch 15, 
dadurch gekennzeichnet, daB das (die) 
gewunschte(n) Gen(e) (5) unter der KontroWe 
eines Promotors steht (stehen), der in Bezug auf 

das (die) gewunschte(n) Gen(e) exogen ist. to 

19. Agrobacterium, enthaltend eine Hybrid-Ti- 
Plasmidvektor nach einem der Anspruche 1 5 bis 
18. 

20. Verfahren zur Herstellung einer transfor- 
mierten Pflanzenzelle, bei dem man Pflanzenzef- is 
ten mit einem Agrobacterium infiziert, das einen 
Hybrid-Ti-Plasmidvektor nach Anspruch 19 ent- 

halt 

21. Verfahren zur Herstellung einer Pflanze. bei 

dem man: 20 

a) eine Pflanzenzelte mit einem Agrobacterium 
nach Anspruch 19 infiziert; und 

b) eine Pflanze a us den gemaB Stufe (a) erhalte- 
nen transformierten Pflanzenzellen erzeugt. 

25 

Revindications 

1. Plasmide Ti accepteur qui est sensiblement 
exempt de sequences d'AON T internes d'un 
plasmide 11 du type sauvage et capable d'induire 30 
des tumeurs chez les plantes, comprenant: 

(a) les deux sequences bordures (1; 2) de la 
region T d'un plasmide Ti du type sauvage; 

(b) una sequence d'AON (3) provenant d'un 
vehicule de clonage, localises entre les deux 35 
sequences bordures, et contenant une sequence 
d'AON qui est homofogue a au moins une partie 
d'une sequence d'AON dans un vecteur de do* 
nage intermedia re, permettant un cas de simple 
cross-over; et - 40 

<c) un segment d'AON (4) d'un plasmide Ti du 
type sauvage contenant des sequences d'ADN 
essenttetles au transfert par Agrobacterium de la 
region T de plasmides Ti du type sauvage dans 
des genomes de cellules veg£tales. 45 

2. Plasmide Ti accepteur qui est incapable 
d'induire des tumeurs chez les plantes, etant 
exempt de sequences bordures et de sequences 
d'ADN T internes d'un plasmide Ti du type sau- 
vage, comprenant: so 

(a) un segment d'ADN (4) d'un plasmide Ti du 
type sauvage sans la region T et sans les deux 
sequences bordures de la region T; et 

(b) une sequence d'ADN (3) provenant d'un 
vehicule de clonage qui est homologue a au 55 
moins une partie d'une sequence d'ADN d'un 
vecteur de clonage intermediaire qui contient les 
deux sequences bordures de la region T d'un 
plasmide Ti du type sauvage. 

3. Plasmide Ti accepteur suivant la revendica- so 
tion 2, qui est le pGV2260, DMS 2799. 

4. Combinaison vectorielle form6e d'un plas- 
mide Ti accepteur suivant la revendication 1 et 
d'un vecteur d clonage interrnediare, ce vecteur 

d clonage comprenant: ss 



(a) au moins un gene d'interet (5) sous le 
contrfile d'un promoteur capable de diriger une 
expression genetique chez les plantes; et 

(b) un segment de vehicule de clonage (3*) 
contenant une sequence d'ADN qui est homolo- 
gue a la sequence d'ADN (revendication 1 (b)| 
dans le plasmide Ti accepteur suivant fa revendi- 
cation 1. 

5. Combinaison vectorielle suivant la revendica- 
tion 4, caracte'rtsee en ce que le vecteur de 
clonage intermediate contient de plus au moins 
un gene marqueur selectionnable, adjacent au(x) 
gene(s) d'interet (5). 

6. Combinaison vectorielle suivant la revendica- 
tion 4, caractSrisee en ce que /e(s) gene(s) d'inte- 
ret (5) contenu(s) dans le vecteur de clonage 
intermediate est (sont) sous le contrdle d son 
(leur) promoteur naturel. 

7. Combinaison vectorielle suivant la revendica- 
tion 4, caracterisee en ce que le(s) gene(s) d'inte- 
ret (5) qootenu(s) dans le vecteur de clonage 
intermediaire est (sont) sous le contrdle d'un 
promoteur qui est exogene par rapport au(x) 
gene(s) d'interet. 

8. Vecteur de cJonage Interm6diaire compre- 
nant: , - . 

(a) un segment de vehicule de clonag (3') 
contenant les deux sequences bordures de la 
region T d'un plasmide Ti du type sauvage (1; 2) 
et une sequence d'ADN qui est homologu a la 
sequence d'ADN I revendication. 2 (b)l dans le 
plasmide Ti accepteur suivant la revendication 2; 
et 

(b) au moins un gene d'interet (5) sous le 
contrdle d'un promoteur capable de dinger une 
expression genetique chez les plantes localise 
entre les deux sequences bordures d'une maniere 
permettant son integration dans le genome de 
plante. 

9. Vecteur de clonage intermediaire suivant la 
revendication 8, caracterise en ce qu'il contient en 
outre au moins un gene marqueur selectionnable, 
adjacent au(x) gdne(s) d'interet (5). 

10. Vecteur de clonage intermediaire suivant la 
revendication 8, caracterise en ce que le(s) 
gene(s) d'interet (5) est (sont) sous le contrdle de 
son (leur) promoteur naturel. 

1 1. Vecteur de clonage intermediaire suivant la 
revendication 8, caracterise en ce que le(s) 
gene(s) d'interet (5) est (sont) sous le contrdle 
d'un promoteur qui est exogdne par rapport auf x) 
gene(s) d'interet. 

\2. Vecteur de clonage intermediaire suivant la 
revendication 8, qui est le pGV750, DSM 2797. 

13. Proc6de de preparation d'un plasmide Ti 
hybride, qui cons'tste a produce une combinaison 
vectorielle suivant I'une quelconque des revendi- 
cations 4 a 7 dans un Agrobacterium par la 
mobilisation du vecteur de clonage intermediaire 
en presence de plasmides aidants vers un Agro- 
bacterium contenant un plasmide Ti accepteur 
suivant la rev ndication 1 et a permettre a une 
cointegration de se produire entre le vecteur de 
clonage int rmediaire et le plasmide Ti accepteur 
par un cas de cross-over simple. 
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14. Precede de preparation d'un plasmide Ti 
hybride, qui consiste a mobiliser un vecteur de 
clonage intermediate suivant les r vendications 
8 a 12. en presence de plasmides aidants vers un 
Agrobacterium contenant un piasmide Ti accep- 5 
teur suivant Tune ou I'autre des revendications 2 

et 3 et a permettre a une coint^gration de se 
produire entre le vecteur de clonage interm6- 
diaire et te plasmide Ti accepteur par un cas de 
cross-over simple. to 

15. Vecteur plasmidique Ti hybride entre un 
plasmide Ti accepteur qui est incapable d'induire 
des tumeurs chez les plantes, comprenant: 

(a) les deux sequences bordures (1; 2) de la 
region T d'un plasmide Ti du type sauvage; rs 

(b) une sequence d'ADN (3) d£pourvue des 
fonctions oneogSniques de TADN T du type sau- 
vage, provenant d'un vehicule de clonage, locali- 
se e entre les deux sequences bordures, et conte- 
nant une sequence d'ADN qui est homoiogue a au 20 
moihs une partie d'une sequence d'ADN dans un 
vecteur de clonage intermedia ire permettant un 

cas de cross-over simple; et 

(c) un segment d'ADN (4) du piasmide Ti du 

type sauvage contenant des sequences d'ADN 25 
essentielles au transfert pat Agrobacterium de la 
region T de plasmides Ti du type sauvage dans 
des genomes de cellules v£g£tales; et un vecteur 
de clonage interrn6diaire comprenant: 

(a') au moins un gene d'interet (5) sous le 30 
contrdle d'un promoteur capable de dinger une 
expression g6n6tiqUe chez les plantes; et 

(b') un segment de vehicule de clonage (3') 
contenant une sequence d'ADN qui est homoio- 
gue a la sequence d'ADN (b) precise dans le 35 
plasmide Ti accepteur; bu entre un plasmide Ti 
accepteur comprenant: 

(A) un segment d'ADN (4) d'un plasmide Ti du 
type sauvage sans la region T et sans les deux 
sequences bordures de la region T; et 40 

(B) une sequence d'ADN (3) provenant d'un 
vehicule de clonage qui est homoiogue a au 
moins une partie d'une sequence d'ADN d'un 
vecteur de clonage interm£diaire qui contient les 
deux sequences bordures de la region T d'un 45 
plasmide Ti du type sauvage; et un vecteur de 
clonage intermedia ire comprenant: 

(A') un segment de vehicule de clonage (3') 
contenant les deux sequences bordures de la 
region T d'un plasmide Ti du type sauvage (1; 2) so 



et une sequence d'ADN qui est homoiogue a la 
sequence d'ADN (B) precitee dans I plasmide Ti 
accepteur; et 

(B') au moins un gene d'interet <5) sous le 
contrdle d'un promoteur capable de dinger une 
expression gene^ique chez les plantes localise 
entre les deux sequences bordures d'une maniere 
permettant son integration dans le genome de 
ptante; comprenant au moins: 

(a) les deux sequences bordures (1; 2) de la 
region T d'un plasmide Ti du type sauvag ; 

(p) des sequences d'ADN hon oncogeniques (3; 
3') provenant d'un vehicule de clonage; 

(y) un segment d'ADN (4) du plasmide Ti du 
type sauvage contenant des sequences d'ADN 
essentielles au transfert de la region T de plas- 
mides Ti du type sauvage par Agrobacterium 
dans des genomes de cellules v6g£tales; et 

(5) au moins un gene d'inte>dt (5) sous I 
contrdle d'un promoteur capable de dinger un 
expression gdndttque chez les plantes qui sj,^ 
localise entre les deux sequences bordures (1; 

16. Vecteur plasmidique Ti hybride suivant la* 
revendication 15, caracterisd en ce qu'il contient 
en outre au moins un gene marqueur selectionna- 
ble, adjacent au(x) gene(s) d'inte>et (5). 

17. Vecteur plasmidique Ti hybride suivant la 
revendication 15, caracte>is6 en ce que le{s) 
gene(s) d'intdrdt (5) est (sont) sous le contrdle de 
son (leur) promoteur naturel. 

18. Vecteur plasmidique Ti hybride suivant la 
revendication 15, caracte>is6 en ce qu le(s) 
gene(s) d'interfit (5) est (sont) sous le control 
d'un promoteur qui est exogene par rapport au(x) 
gene{s) d'inte>6t. 

19. Agrobacterium abritant un vecteur plasmi- 
dique Tt hybride suivant Tune quelconque des 
revendications 15 a 18. 

20. Proc6d6 de preparation d'une cellule vege- 
tate transformee comprenant I'infection de cel- 
lules v£g6tates par un Agrobacterium abritant un 
vecteur plasmidique Ti hybride suivant la revendi- 
cation 19. 

21. Proc6d6 de preparation d'une plante com- 
prenant les eta pes: 

(a) d'infection d'une cellule vegetale par un 
Agrobacterium suivant la revendication 19; et 

(b) de production d'une plante a partir des 
cellules vegetales transformees obtenues dans 
i'etape (a). 
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